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ABSTRACT 


A number of political and legal Implications O' developing and operating 
a satellite power system (SPS) are identified and studied in this report. 
These include the vulnerability of SPS to actions of adversaries, communica- 
tions impacts, the l^ality of an SPS in orbit including on-orbit military 
protection, alleviation of political concerns about deployment and operation 
of SPS, progranmatic planning for SPS and the interaction of SPS with federal 
regulatory agencies and major departments. In comparing SPS to terrestrial 
power stations, it is seen that the political problems are neither clearly 
larger nor clearly smaller— they are clearly different and they are inter- 
national in nature. If SPS is to become a reality, these problems must be 
dealt with, sooner rather than later. Five major issues are identified. 

These must be resolved in order to obtain international acceptance of SPS. 
ttowever, this study has found no insurmountable obstacles that would clearly 
prohibit the deployment, operation and protection of an SPS fleet. 
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1 . INTRODUCTION AND SUMMARY 


The embargo on the export of petroleum products to certain oil-consuming 
countries (OPEC) in October 1973 and subsequent events have elevated issues 
relating to the managenient of energy resources to a high priority in national 
and international policy making. Energy shortages and sharply increasing 
costs, with their economic, social and foreign policy implications, have 
given increased urgency to the search for alternative energy sources. As a 
result, scientific research relating to the development of nuclear, geothermal, 
solar, wind and other energy sources has received public support and at 
attention. 

One of the most promising alternative sources is solar energy, both 
because the supply is for all practical purposes inexhaustible, and because 
the use of solar energy does not necessarily involve significant environ- 
mental hazards as does the use of fossil fuels. Conseq'je"tly, large- and 
small-scale applications are being examined.^ However, solar power generators 
located on the Earth's surface are subject to a number of limitations, in- 
cluding inoperability due to nightfall and low or variable output due to 
adverse weather conditions such as cloud cover. Thus, consideration has 
been given to the establishment and operation of solar generators in outer 
space. 

As presently conceived, a satellite solar power system would incorporate 
two main components. First, a large-scale solar energy convpr-s’on system 
would be assembled, perhaps in low-earth orbit, and placed in geostationary 
orbit at a distance of approximately 35,900 km from the surface of the Earth. 



In that position, the solar power satellite would occupy a relatively fixed 

position with respect to the Earth's surface. The second system component 

would encompass an Earth station capable of receiving the energy product 

generated In orbit and converting It to electricity through the use of 

receiving antennae. The space a"'* ground segments are to be connected by 

2 

means of a microwave or, possibly, laser transmission beam. 

Planning for the Implementation of a satellite power system raises. In 
addition to complex technical questions. Issues of system security and 
economic viability and Impact. However, It is apparent that some of the 
major barriers to the development may lie In the areas of international law, 
the law of outer space, and International policy formulation. The purpose of 
this study Is to examine those aspects of satellite power systems (SPS). The 
following Issues have been considered: 

1. Vulnerability of SPS to actions of adve.'sarles 

2. Use of microwave power transmission by SPS and its potential 
Impact on others 

3. Status of SPS In international law, including the legality 
of on-orbit military protection 

4. Political concerns about risks Imposed by the construction and 
operation of an SPS 

b. Benefits of SPS in International trade 

6. Programmatic planning for SPS in the context of the federal 
budget cycle 

7. The Interaction of SPS with federal regulatory agencies and 
major departments. 

A brief discussion of the major study findings folic s. 


2 



1 . 1 Vulnerability of $P $ to Actions of Adversaries 

The SPS, with its major power conversion and delivery components located 
In space, presents a different type of target to the potential actions of 
adversaries than do conventional, ground-based power plants. On the one 
hand, the space-based components of the SPS offer a significant target tWat 
would not Involve a direct attack within the national boundaries of the 
owning state and might not endanger human lives. On the other hand, however, 
the economic significance of an SPS would likely mean that direct attacks 
on the system by major powers would be Interpreted as unambiguous acts of 
war. But It must be observed that a range of adversary actions could 
conceivably occur, some of which are not recognizable as actions against 
which physical reactions would be appropriate. For example, actions that 
do not Impose a physical threat against SPS hardware, such as legal pro- 
ceedings, are not likely to be met with physical force against the imposing 
state. 

In comparing SPS to terrestrial power plants, three key differences 
exist: First, the SPS, in operation, uses an energy source that is not 

dependent on foreign supplies, finite terrestrial resources, or the vagaries 
of resource extraction, processing and transpcrtatlor. as are hydrocarbon 
and nuclear fuels. Second, the technology needed to disrupt the operation 
of an SPS is generally well above that for terrestrial plants and the hard- 
ware for such an attack is not readily available. Third, the scale of an 
SPS satellite could make it a desi»'able target and one which does not 
require attack on the territory of tllPowning st.*te. It would be desirable 
to enhance the security of the SPS fleet by any of a number of potential 
actions. These Include enforcement of national strategic deterrence, that 
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Is. the ability to strike bock at a threatening state, defensive devices 
caintalned ptssibly In orbit near the satellite to protect against physical 
actions that night be taken fay lesser powers, and by proper design and «an> 
agenent of the SPS to nake It note difficult to Inpose real threats. In 
addition, SPS security could be slgnlflcancly enhanced by providing the 
appropriate econonic Incr^ntlves. Basically, this neans Internationalization 
of the systen at sone level. 

1.2 Hl crowave Power Transnisslon 

The SPS has a planned fundanental frequency for the nicrowave power 
transnisslon bena of 2450 NHz. Clearly, allocation of this frequency for SPS 
use will be necessary If It Is to be used by SPS. In addition, however. It 
Is unlikely th.'^t suppression of the higher harmonics of the fundamental fre- 
quency will be physically possible to the extent that these frequencies will 
be available to other users. Thus, along with the fundamental frequency. It 
will also be necessary to allocate the higher harmonic frequencies to SPS 
use. Besides the problem of harmonics, there Is also the Issue of actual 
transmitted bandwidth, which could result In Interference (sum and difference 
frequencies) between pairs of SPSs. 

Potential 1nq>acts of the SPS power beam on other frequency spectrum 
users could result from nonlinear Interactions between pairs of SPS power 
beams, between an SPS power beam and other signals and between the SPS power 
beam and the Ionosphere. Nonlinear Interactions between radio beams can 
occur when a conductor, such as an ungrounded wire or free electrons In 
soace, are Irradiated by two sources. The conductor than has a potential for 
detecting and emitting a signal at the sum and difference frequencies of the 
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lapinsing beams. Because of the extremely high pomer livel in the SPS power 
beam compared to communications signal levels, the potential for problems of 
this sort should be of concern. The other area of concern lies in the poten> 
tial effects that the SPS power beam could have on the ionosphere, thus 
impacting users that rely on existing properties of the Ionosphere. A nui?ber 
of systems might be affected. These Include both llne^of -sight and over-the- 
horizon communications and navigation systems. 

A further area of Interaction between SPS and other frequency spectrum 
users lies in the use of orbital positions by the existing systems. By the 
time SPS will be ready for implementation, well In excess of $1 billion will 
be invested In hardware for space-based communications and navigation systems. 
Huch more will be Invested In ground-based systems that could also be Impacted 
and the total number of Individuals Involved with these systems will be very 
large. Thus, the viability of the SPS concept may well rest In the ability 
to find equitable alternatives for the communications and other orbital arc 
users. 

1.3 The Status of SPS In International Law 

A number of issues exist relevant to the status of SPS In international 
law. Four issues are addressed In this study: 

1. The legal aspects of the use of the geostationary orbit by SPS 

2. The Impact of the 1967 Outer Space T.eaty on the use of space 
for power generation 

3. The legal status of deployment and operation of SPSs by private 
sector entitiesd 

4. The permissibility under existing international space law of 
providing on-orbit military protection for SPS. 
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The conclusions resulting are as follows. Nonpermanent use of 
the geostationary orbit for SPS Is penal tted under present space law; 
however. It will be necessary to obtain appropriate frequency allocations 
and to register the use of the orbit with the international Frequency 
Registration Board. Permanent allocation of an orbital location Is specifi- 
cally not permitted unless such allocation Is by an International organiza- 
tion duly representing a broad spectrum of states. It Is felt that use of 
an orbital location for 30 years does not constitute appropriation but that 
periods much longer than this may. The 1967 Outer Space Treaty provides 
that the resources of space are for the benefit of all mankind. This 
clause prevents nationalization of various space resources; however. It 
does not exclude the use of sunlight to provide energy for an SPS. The 
deployment and operation of an SPS by private sector entities Is permitted 
within existing international law but the private sector then acts as an 
arm of the government and the government assumes the responsibility for 
regulation of the activity and is liable for any damages caused by the 
operating entity. Last, It is felt that on-orbit military protection of 
SPS can be provided legally within present international law so long as the 
military systems stationed in orbit are not nuclear weapons or weapons of 
mass destruction. 

1.4 Political Concerns About Risks Imposed by SPS 

The construction and use of a fleet of SPSs imposes a number of poten- 
tial hazards on the peoples and properties of foreign states. These hazards 
include potential launch vehicle failures, reentry of various materials 
associated with the SPS and potential hazards of the microwave beam. Alle- 
viation of the concerns regarding launch vehicle failures and reentry 
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debris Is not likely to be a aajor problen, but the problens are reduced If 
the SPS Is constructed and operated by an International organization. The 
■Icrowave bean poses a somewhat different problem. Clearly, microwave 
radiation at very high power densities Is hazardous and at very low power 
densities Is not In any way dangerous. SPS must operate In the region 
between these limits, where little Is presently known. Thus, It will be 
necessary to conduct research on the effects of microwaves on biological 
materials and the Ionosphere In order to determine the acceptable, safe 
limits on power density. There Is a basis In International law requiring 
that this research be conducted and for providing assurances that the 
states engaged In an SPS program are not Imposing undue risks on others. 

1.5 Economic Benefits of SPS In International Trade 

The present dependence of the United States on bulky hydrocarbon fuels 
places many conditions on economic growth and stability. For one thing, 
dependence on foreign oil Infers dependence on the security of the trans- 
portation of such oil. This Implies at least guaranteed access to. If not 
control of, the seaways over which the oil Is moved. Furthermore, the 
expenditure of some S30-$40 billion on oil Imports adversely impacts the 
domestic economy. This money, properly placed In the United States, would 
create some 2 million new jobs. At the very least. It is clear that an 
energy source such as SPS, Independent of hydrocarbon fuels, would signifi- 
cantly alter economic growth both foreign and domestic and would drastically 
alter International economic dependencies. 

1.6 Programmatic Planning for SPS 

A number of programmatic Issues related to obtaining and maintaining 
support for an SPS development program are Identified and discussed. At 
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this point In tine, the program should be economically justifiable as a 
necessary condition for federal support. Although this condition appears 
to be met, a debate continues to exist over the discount rate that should 
apply to the economic evaluation. The Office of Management and the Budget 
dictates a 10 percent rate to apply to the evaluation of federal programs. 
EcoikmIc theory and data Indicate 2 to 4 percent Is more reasonable. The 
latter rates more strongly favor proceeding with the SPS development pro- 
gram. In addition, four conditions are Identified as necessary for a 
positive decision on a major program such as SPS: 

1. The objective sought must be known to be technologically feasible, 
with a high degree of probability, at the time the decision to 
seek It Is made. 

2. The objective must have been the subject of sufficient political 
debate so that the groups Interested In It a*'d opposed to it can 
be identified, their positions and relative strengths evaluated, 
and potential sources of support have time to develop. 

3. StMne dramatic "occasion for decision," such as a crisis resulting 
from an external or domestic challenge, must occur to create an 
environment In which the objective and the policies to achieve it 
become politically feasible. 

4. There muse be In leadership positions in the political system 
individuals whose personalities and political philosophies support 
the initiation of new large-scale goverrvnent activities aimed 

at long-term payoffs and who have the political skill to choose 
the situations in which such activities can be initiated success- 
fully. 

Once a federal program has been initiated, evidence indicates that it is 
harder to terminate the program then to let it continue. Thus, the focus 
should be on meeting the necessary conditions to achieve a program start. 

1 . 7 Interactions of SPS with Federal Regulatory Agencies and Departments 

As soon as an SPS development program is approved by Congress, it will be 
appropriate to involve a number of federal regulatory agencies and departments 
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In the SPS program. Regulation of the SPS during development, construction 
ami operation will Involve a broad spectnan of agencies, for example, to 
assure proper environmental protection, safety for both workers and the rest 
of the world, and to regulate the capital formation and return on investment 
for the system. The government must be involved In research to determine 
safe levels of microwave radiation and In International bargaining to obtain 
frequency allocation and orbit locations for the SPS. Finally, provision 
must be made to perform the technology developments necessary to make SPS an 
economic reality. 

1.8 Major Issues 

This study has Identified a number of key legal, political. Institu- 
tional and environmental Issues that are potential "show stoppers" with 
respect to SPS and outlines the bases. Institutionally and with regard to 
International law, which underlie them. The major issues, which imjst be 
resolved prior tc Implementation of SPS, are: 

1. The potential effect of microwave energy on biological 
materials and on the Ionosphere 

2. Frequency allocation for SPS, Including the center 
frequency and harmonics 

3. The potential problems of radio frequency Interference 

4. Assignment of geosynchronous orbit locations for SPS 

5. Problems associated with potential liability for damage 
caused by SPS. 

1.9 Conclusions and Reconwendatlons 

Despite the range of potential problems noted above. Institutional, 
legal and engineering solutions can be expected and this study has found no 
Insurmountable obstacles, politically. Institutionally or In International 
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1«M, that would clearly prohibit the deployment, operation and protection 
of an SPS fleet. 

To the extent that an SPS fleet can be economically deployed and 
operated. It offers a potential key to “free access** to energy by all 
nations and could, within limits, place a **once-and>for-a11** upper bound 
on the cost of energy. 

Throughout this study there has been one major recurring theme. This 
is that many of the legal, political and Institutional Issues are clearly 
International In character and will demand resolution on an International 
basis. Additionally, If the SPS concept Is successfully developed and 
exploited. Its energy products will be demanded by many nations, especially 
the less developed countries. Thus, If the SPS concept proves to be economic. 
It will ultimately be Implemented on an International basis. Consequently, 
we believe that it is best to begin by planning for a fully International 
system right from the start. 

As a result of this study, four major reconmendations have been 
derived: 

1. Establish research programs on key impact areas, especially 
the effects of microwaves on biological materials and on the 
ionosphere, leading to Internationally accepted standards. 

2. Prepare a policy statement for presentation at the 1979 World 
Administrative Radio Conference on orbit and frequency alloca- 
tion providing for SPS. 

3. Establish an international forum for the open discussion of the 
international implications of SPS and the clarification of inter- 
national law vis-a-vis SPS. 

4. Establish a plan for involvement of federal regulatory agencies 
and departments in an SPS program. 
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Because of the extensive reference made in this report to (1) The 
Convention on International Liability for Damage Caused by Sapce Objects, 

(2) The Convention on Registration of Objects Launched In Outer Space, and 

(3) the Treaty on Principles Governing the Activities of States In the Ex- 
ploration and Use of Outer Space, Including the Noon and Other Celestial 
Bodies, a full text of these articles Is given in Appendicles A, B and C 
respectively. In addition, a bibliography of relevant literature Is pro- 
vided. 


n 



2 . VULNERABILITY OF SPS TO ACTIONS OF ADVERSARIES 


This section Identifies and discusses a number of threats that could be 
posed against an SPS and then postulates mechanisms for risk alleviation. 

It Is shown that a number of generic categories of threats could be Imposed 
against an SPS. These span the range from open military attack down to 
actions of environmentalists or labor unions. Protection against some of 
these threats can be of a military nature; however, military forces would not 
be effective against threats Imposed through national or International legal 
mechanisms. The likelihood of threats occurring is qualitatively assessed In 
terms of the technologies necessary to Impose the threat, who has or will 
have access to such technologies, and what Is to be gained by In^oslng the 
threat. Four avenues of risk alleviation are Identified: national strategic 

deterrence, active defense of the system. Internationalization of the system, 
and through international agreement. 

2.1 Potential Adverse Actions Against an SPS 

A mmiber of potential adverse actions could be posed against a space 
power system. These can be classified in two ways: first, according to the 

part of the energy conversion/ transmission system to which they apply, and 
second, according to whether they represent an "active" or a "passive" threat 
to the system. In order to identify and classify adverse actions against an 
SPS, it is helpful to depict the overall system in terms of its energy trans- 
mission and energy conversion components as shown in Figure 2.1. The energy 
source is the sun. The energy is transmitted as sunlight to the satellite, 
collected and converted there to microwave energy, received and converted 
on the earth to dc power, transmitted as dc power to the rectenna busbar. 
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ENERGY SOURCE 


ENERGY 

TRANSMISSION 

(SUNLIGHT) 


ENERGY 
CONVERSION 
(SUNLIGHT 
TO MICROWAVE) 


ENERGY 

TRANSMISSION 

'MICROWAVE) 


ENERGY 
CONVERSION 
(MICROWAVE 
TO DC) 


Figure 2.1 The SPS Energy Conversion/Transmission System 



and converted there to ac poMer at a voltage compatible with the utility 
grid. An adverse action against an SPS Is anything that could willfully or 
accidentally disrupt any of the above processes. In addition, adverse actions 
against an SPS could exist during Its construction and, during Its operation, 
by efforts directed against control or safety systems. It Is worth pointing 
out that no damage whatever need be done to the system Itself to constitute 
a threat. If the operators or regulators of the system could be convinced 
that It was unsafe to operate, the system would be shut down as effectively 
as If It were destroyed. For example, a bomb threat against an airplane can 
cause cancellation of a flight despite the fact that no physical threat ever 
exists. 

Figure 2.2 presents an hierarchical classification of potential 
adverse actions against an SPS. The major categories Include: 

1 . Systen construction 

2. Physical processes 

3. System operation and control. 

Within these major categories and their corresponding seb. utegorles, adverse 
actions are Identified and classified according to whether they are "active" 
or "passive". No clear lefinition between active or passive actions exists; 
however, the characteristics of each are generally as follows: 

Active actions 

e There is a definite intent 
e It is easy to show intent 

e More likely to deal with the energy transformation process 
f More likely to operate on hardware 
• Difficult to recover operation after threat passes 
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Figure 2.2 Hierarchy of Adverse Actions Against an SPS 







Passive actions 

• There may be no Intent 
e It Is difficult to show Intent If It exists 
e More likely to operate rn the energy transmission ororpss 
t Easy to recover operation after threat passes. 

According to the above scheme, generic classes of adverse actions against an 
SPS are Identified In Table 2.1. This Is not an all-inclusive list, but 
serves to Identify and classify the various types of actions that cojld be 
imposed. 

As Indicated, a number of potential adversary actions are worthy of con- 
sideration. These range from outright attack on the system which. If imposed 
by a major power, would be perceived as a clear act of war, to legal actions 
which may be equally effective under the right circumstances and would clearly 
not represent a belligerent act either toward the system or the operating 
state. Both extremes and the range of actions between need to be dealt with 
before they become real actions. In between these extremes are acts such as 
sabotage, threats against SPS workers, both in space and on the ground, any 
Intervention or mismanagement of supplies, or intervention or deflectit n jf 
the SPS power beam. Blackmail against SPS system managers is also a 
possibility. 

The actions cited above are active in nature and seek to destroy or ob- 
tain control of the system. There exist also a number of potential actions 
which could be generally classified as passive but which would also result 
ir. disruption of system development, construction or services. These action? 
would include actions that environmentalists or unions might take against 
the system. They would include national and international legal, political 


16 



Table 2.1 Generic Categories of Potential 
Adverse Actions Against an SPS 


Active: 

t 

Attack on system elements or construction 
facilities 

• 

Sabotage 

t 

Threats against safety of SPS workers 

• 

Intervention of supplies 

• 

Intervention of power transmission-sunlight 
or microwave 

t 

Obtain physical control of the system 

• 

Blackmail 

Passive: 

t 

Loss of system elements or construction 
facilities due to accident 

• 

Loss of construction capability due to 
recurring malfunction 

t 

Environmental restrictions 


Legal or political barriers 

• 

Improper critical path management 

• 

Union actions 

• 

Perceived threats 
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and Institutional barriers that night be erected against the system. They 
also could Include a variety of accidental occurrances Involving, for exam- 
ple* a loss of constriction facilities or launch vehicles. The measures 
taken to protect against these "passive* actions are necessarily quite 
different from the measures that could be taken to protect against "active* 
actions of adversaries. 

2.2 Qualitative Comparison mith Terrestrial Systems 

Terrestrial po w er systems are vulnerable to military action at three 
points: 

1. The supply system of raw material for energy production 

2. The actual physical system for energy production 

3. The distribution network for energy. 

The last 40 years provide numerous examples of attempts to Interfere with 
terrestrial power system at all three points. The Second World Mar. Korea 
and Vietnam saw major efforts made to reduce the opponent's industrial capa- 
city through action against Its energy generating systems. Various terres- 
trial energy systems differ considerably as to their vulnerability at these 
three stages. For example, hydroelectric power stages (that Is water, as 
compared to oil-fired steam generating systems that depend upon a steady 
input of oil transported from distant sites) have proven to be relatively 
immune to attenf>ts to disrupt their source of raw material. While It is 
difficult to generalize across a highly technologically diverse universe of 
terrestrial power systems, ranging from small coal-fired plants to 1.000 
megawatt LWRs, a few generalizations do seem possible. 

F'rst. an Increasing number of terrestrial power systems are dependent 
upon foreign-control led sources of raw material. These Include not only the 


ob¥ious oil and coal-fired systems but also a large nuiri>er of the nuclear 
power plants now being built or projected, which will be dependent upon 
uraniuw enrichwent and fuel fabrication services perfonaed by other countries. 
This dependence on foreign sources for raw Materials opens up a whole range 
of Military/political vulnerability that spans the application of an embargo 
all the wey up to the aj^lication of traditiwial. interdiction techniques of 
using sea and air power to disrupt siq^ly lines. Depending upon where in 
this spectnai the action is applied, varying levels and sophistication of 
force will be required. For exanple, an Arab oil embargo on exports, unless 
opiwsed by force, can be applied without aqy significant application of 
Military force and against countries that may have a large quantitative and 
qualitative military suf^riority. In co«9>arisor. to potential military threats 
to an SFS system, disruption of the raw material supply of terrestrial systems 
appears open to far more states and at lower levels of military force and 
sophistication. In an SPS, t*?e technology necessary to disrupt the sunlight 
or microwave beam is at least an order of magniti' ^ above that needed for 
analogous action on a terrestrial system and not likely to be available to 
most states in the short term. 

Second, the actual energy conversion system of terrestrial power plants 
is subject to a large range of military actions, ranging from covert pene- 
tration and sabotage to direct attack with highly sophisticated air- or 
missile-delivered ordnance. While these systems are relatively vulnerable 
to such military action, the scale of energy production at any single site is 
such that the pay-off of such an attack is not high. With interconnected 
power grids, the removal of a single power-generating facility would usually 
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not be critical or seriously disruptive. Additionally, any such nilitary 
action involves a direct attack on the national territory and sovereignty 
of a state and is not likely to be undertaken in a situation short of war 
or open conbat. In conparlson, any Military attempt to Interfere with the 
energy production phase of an SPS system would appear to require a higher 
order of technical sophistication than similar efforts directed at terres- 
trial systems. On the other hand, larger scaling of SPS systems would mean 
that such efforts, if successful, would offer considerably higher pay-offs 
in terms of their disruptive Impact. Also, the nonterritorial base of the 
energy production segment of an SPS system would mean that any attack on It 
w(Nild not directly attack the national territory of the state owning the 
system, and this might lower the restraints against such an attack. 

Third, both SPS and terrestrial systems seem to share the same degree 
of vulnerability to military action with regard to their distribution systems. 
Uhile the utility Interface, and particularly the rectenna of the SPS, would 
present a larger target than normally associated irith a terrestrial system, 
the relative vulnerability of the systems Is probably not altered by this. 

Fourth, the two types of systems differ significantly In their vulnera- 
bility to nonconventlonal military action (that Is, terrorist and similar 
action). The terrestrial system, such as an LHR, presents a traditional tar- 
get profile with very conventional types of barrle*^^ to be overcome (that Is, 
physical barriers, detection systems and security forces). These barriers 
may be considerable, but In any case, they are conventional In the sense that 
traditional techniques can. If adequate, breech, neutralize and defeat them. 
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Given the spread of nilitary training and sophisticated military and quasi* 
military hardware (for example, helicopters, shaped explosive charges, 
heat-seeking missiles and anti-tank weapons), any number of groups can be 
expected to be capable of launching terrorist-type attacks on terrestrial 
power systems. With regard to SPS, another order of sophistication beyond 
that normally found in terrorist-type groups would be required to creditably 
pose a military tireat to the system. The technology that this study has 
identified as necessary, for ex^le, to destroy the satellites through 
active or passive means, is unlikely to be available to terrorists in the 
time frrnue of concern. Uhile it is possible to imagine slightly more credible 
threats to the SPS operation and control system from terrorist groups, these 
are at the outer limits of plausibility and the system is still significantly 
less vulnerable than terrestrial systems. 

2.3 Relative Likelihood of Threats Occurring 

With regard to the energy conversion stage of an SPS, the most serious 
active threat would involve an attempt to destroy the satellite itself. Such 
an effort might involve ground-based laser, airborne laser, space-based 
attack or a ground-based missile attack using a nuclear warhead. All such 
threats would involve a high order of technical sophistication in the launch 
vehicle or specific attack mechanism. Laser developments are apparently 
moving ahead rapidly, and a full assessment would require access to classified 
data not available for this study, but it still appears probable that, at least 
during the early years of SPS implementation, only the United States and the 
Soviet Union, and maybe one or two Western European states, will have laser 
devices with the appropriate characteristics for such a satellite-destroying 
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Mission. Research Into h1gh>enegiy lasers Is apparently being actively pur> 
sued with progress being nade along the following fronts: 

• For in>space use, the open literature in the United States 
already reports useful efficiencies with small-scale chemical 
lasers using hydrogen fluoride radiating at a wavelength of 2.7 
Microns. Research is apparently now concentrated on scaling 
the size of the device upward to useful power levels. 

• For ground-based use against space targets, the United States 
has reported progress with electrically excited Excimer-type 
lasers using noble gases, that emit in the visible and ultra- 
violet part of the spectrum. It is reported that single-pulse 
energy levels of 350 joules have already been achieved with 
such devices. 

In botn of these approaches, formidable problems remain, including 
major advances in the laser devices themselves, precise locating and track- 
ing and large, high power optic systems. Without access to classified 
material, it is impossible to assess with a high degree of confidence the 
pace at idiich more traditional satellite-destroying technology has developed. 
However, the impression from the public record is that only the Soviet Union 
and the United States have made any real attempts to develop such capability. 

A passive threat to the satellite itself that deserves serious con- 
sideration is the threat posed by collision with another satellite or debris 
from the breakup of a satellite or associated launch vehicle. While direct 
space-based attack on the satellite through an active satellite-killer system 
could be easily identified through ground tracking, it would be much more 
difficult to establish intent if an effort was made to disguise the search- 
and-close profile of such a satellite-killer system. Because the SPS would be 
in geosynchronous orbit, such a deception should be easier to execute. The 
possible deceptions are many, including a "failed" control system on a 
launched satellite, an on-board "accident" on a large satellite or its launch 
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vehicle resulting In a large amount of debris crossing the orbit of the SPS 
or a "miscalculation” by one of the many states that will have satellite 
1aum;h capabilities by the end of the century. 

A third area of threats that deserves serious attention concerns active 
and passive threats to the SPS operation and control system. These could 
Include, Inter alia , attempts to affect the attitude, control and station- 
keeping capabilities of the system by jamming ground conmands, by using 
superior commands to reposition or change altitudes, or attempt to destabil- 
ize the satellite through ordering It to assume unstable attitudes. The 
beam control could also be similarly misdirected In an attempt to deflect 
or to direct the power beam In ways likely to cause physical damage to earth- 
based Interests. It Is not clear that such threats can be easily or creditably 
posed. In large part, the answer to whether they can depends upon the design 
of the conmand and control system. If the Issue of security and access are 
handled '*n as haphazard a fashion as they have been in many existing con^uter 
systems, then the threat could be quite real. If, on the other hand, atten- 
tion Is paid to such Issues, It should be possible to design dependable, 
secure, control systems. 

A threat assessment requires knowing not only the vulnerability of the 
SPS to military action, but also assessing the creditable motivation that 
might lead to such action, the objectives that could be gained and Identify- 
ing states with both the capability and motivations. 

Because of Its cost, size and contribution to the operating country's 
national economic system, an attack on an SPS, especially by a major power. 

Is likely to be perceived as a clear and unambiguous act of war. This means 
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that the mtivations for attacking an SPS should be sought not In the SPS 
Itself but In the full context of the relations between states. In other 
words* the nntlvatlons for an attack on an SPS are relatively unambiguous. 

If the SPS has a ground output optimized In the 5 to 10 GU range* the sudden 
and unexpected destruction of one or more SPSs could cause Immediate economic 
disruption ranging from disruption of the ground-based power distribution 
systan to the slowdown and stoppage of economic activity relying on power 
derived from SPS. The output of an SPS fleet would be so large compared to 
present conventional ground-based power generating networks or power pools 
that It Is unlikely that the national energy system could (or should) be 
designed to absorb the unexpected loss of several SPSs without severe economic 
disruption. Thus, an attack on the SPS fleet would have as Its objective 
large-scale economic disruption. As with the ability to Interrupt the 
Importation of foreign- produced petrochemicals Into a state, the destruction 
of an SPS offers the attraction of being able to disrupt an economy without 
physically attacking assets within the state's geographic territory. 

2.4 Methods of Risk Alleviation 

As argued above, the SPS, because of Its cost, size and contribution 
to the operating country's national economic system, presents a high value 
target, the destruction of which would likely be perceived as a fairly un- 
ambiguous act of war. If this is In fact the case, then an SPS would not 
be attacked unless central national Interest, reaching far beyond the mere 
vulnerability of the SPS, of the involved states were at stake. As with other 
valued national assets, the real defense for SPS would be the national stra- 
tegic deterrence system. If strategic deterrence is effective, SPS will 
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be protected fron the attack of hostile nations. On the other hand, if 
strategic deterrence should fail. SPSs Mould probably share a high target 
priority Mith a lot of other high>va1ue. hard>to*defend targets. 

Four principal aveiuies of risk alleviation for an SPS system offer 
themselves. The first, and perhaps the most effective, risk-alleviation 
technique is that of national strategic deterrence. That is. afterall. the 
technique used by the United States and U.S.S.R. to defend other hard>to- 
defend targets st^h as large urban-industrial regions. The techniques 
of mutual vulnerability, while psychologically and militarily disturbing, 
likely outweigh very expensive and dubiously effective defensive measures 
that might be undertaken. 

A second risk-alleviation technique, which could be ccxi^atible with 
the first, is to adopt minimal defensive devices sufficient to ward off 
small-scale, not highly sophisticated attacks. This would give some pro- 
tection against terrorist or irrational flmin-type attacks while not seriously 
degrading the mutual vulnerability that the United States and Soviets share. 
The difficulty of this technique, as demonstrated in the ABN debate, is that 
a third state defensive capability may appear to be more than that and upset 
the mutual deterrence relationship among major protagonists. In the ABM 
debate, the United States anti-Chinese system was claimed by the Soviets to 
be directed at providing a defense against Soviet missiles and thus upsetting 
strategic deterrence. The United State, for its part, had great difficulty 
in assessing whether a Soviet defense system was designed against bomber 
attack. Chinese missiles or was the start of an ABM defense against the 
United States. 
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A third risk-alleviation technique Mould Involve Internationalizing 
the systen at Its research, production and/or operation stages. The simplest 
example of this mould Involve an SPS that produces power for several states. 

In such a case, an attack on an SPS would be an attack on more than one nation 
and hence, presumably, be harder to justify. This technique could be 
Illustrated, for example, by an SPS that fed the national grids of Israel, 
Syria, Jordan, Egypt and Iraq; or one that fed the FRG, DDR, Poland, 
Czechoslovakia and Austria, or one that fed both China and the Soviet Union. 

A final risk-alleviation technique that might be followed would Involve 
seeking an International agreement In which the signatories would specifically 
agree to declare that the SPS would not be subject to military action. This 
strategy by Itself would seem to offer little real security but If coupled 
with other techniques might offer some added security, particularly against 
any attempt to attack an SPS In a less than all-out war situation. 
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3. LEGAL AND POLITICAL QUESTIONS ON COMMUNICATIONS IMPACTS 


This section Identifies a number of Issues related to frequency allo- 
cation for SPS and the potential Impact of SPS on other frequency spectnmi 
users. First, the problem areas are Identified as they Impact and are 1m- 
pocted by the present frequency allocations. Then, the present frequency, 
allocation and potential SPS impacts are Identified. Next, the frequency 
allocation o<^cedure and the '977 and 1979 meetings of the World Actoilnls- 
tratlve Radio Conference are reviewed. Finally a survey of existing and 
projected satellites and equipments potentially Injected by SPS are reviewed. 

SPS could possibly impact many frequency spectnmi users. Including 
conmunlcatlons, navigation and radiolocation systems. The potential 
«.%han1sms Involved Include nonlinear Interactions between the SPS power 
beam and other radio signals, higher harmonics of the SPS power beam and the 
actual transmitted bandwidth, and effects due to power beam heating of the 
Ionosphere. To provide for SPS, It Is necessary to obtain appropriate 
frequency allocation and orbital slot allocation. These Issues will be 
addressed In the 1979 World Administrative Radio Conference and It Is key 
that SPS be provided for as one outcome of that session. With the wide 
range of Impacts that SPS could potentially have, and the large number of 
systems, groups and Individuals potentially Involved, it will be necessary 
to design the- SPS for minimum impact, to assure that the Impact of SPS Is 
adequately controlled, and to find equitable alternatives for those that nust 
be Impacted. 
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3.1 Frequency Allocations and Potential SPS Impacts 

Before delving into the frequency allocation problem and potential SPS 
Impacts It Is Important to understand the frequencies t' t can be Impacted 
by SPS and the mechanisms udilch would cause these Impacts. As cHnwn in 
Table 3.1, the proposed center frequency for SPS Is 2450 HHz. Table 3.1 
also shows the frequencies of the first five harmonics of this center fre- 
quency. The center frequency, 2450 NHz, has been proposed for SPS due to a 
number of reasons. First, this frequency Is presently allocated to Indus- 
trial users and Is In use today for such things as microwave ovens. 

Second, this Is a frequency which has relatively good characteristics with 
respect to transmissions through the atmosphere and through areas of pre- 
cipitation. Third, It Is a frequency at which considerable work has already 
been acrampllshed on the development of high power transmitting devices such 
as klystrons and Amplltrons and on rf-to-dc converters. 

Table 3.1 Problem Areas 

t Center Frequency of SPS: 2450 MHz 

• Harmonics: 

2nd - 4900 MHz 
3rd - 7350 MHz 
4th - 9800 MHz 
5th - 12250 MHz 

• Actual Transmitted Bandwidth 

a Sum and Difference Frequencies with Other 

Signals 

a Power Flux Density Limits in Side Lobe Areas 
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Clearly, problem areas In the frequency spectrum associated with SPS 
will Include the center frequency and at least the first several harmonics 

of the center frequency. In addition, however, there are a number of other 
problems as depicted In Figure 3.1. The first of these deals with the 
actual transmitted bandwidth of the SPS system. Because of the large amount 
of power being handled, there Is a strong requirement for maintaining very 
precise frequency control. Despite the fact that the center frequency Is 
protected t*. 50 MIz on either side, one effect which can occur when two or 
more SPS satellites radiate the same point on the ground Is the reradiation 
of sum arid difference frequencies due to nonlinear effects such as might be 
c.^i. ed by the radiation of ungrounded pieces of metal . Another potential 
effect Ihvulvlng charged particles trapped either In the Ionosphere or In 
the Van ..lien belts Is referred to as the Luxembourg effect. In the Luxem- 
bourg effect, V arged particles excited by the power beam are modulated by 
other rf s.j^nais. The result, due to the nonlinearities of the process, is 
the radiation of rf power at the sum and difference frequencies between the 
power beam and the interferring rf signal. These nonlinear effects have 
the potential for creating radio frequency interferrence over a broad fre- 
quency spectrim), thereby Impacting a wide range of users. In addition, 
radio frequency users cc.i be impacted In yet another way. It Is known that 
the SPS power beam will cause heating of the Ionosphere. The exact extent 
and effect of this phenomenon Is not presently understood, however It could 
potentially Impact radio frequency users that make use of the Ionosphere to 
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Figure 3.1 Potential Effects of the SPS Power Beam 



obtain long-range radio vransmission. Finally, it should be emphasized that 
the effects that could be caused by a fleet of SPS satellites in orbit can 
be significantly different and more extensive than the effects caused by a 
single SPS satellite. 

Tables 3.2 and 3.3 detail a number of potential power beam effects on 
existing and proposed communications and navigation systems.^ The effects 
detailed in these tables are due strictly to heating of the ionosphere by 
the SPS power beam and are representative, but not all inclusive, of the 
proolems that could occur due to this phenomenon. Basically, all HF com- 
munication systems operating in the 3-30 IWz range make use of the iono- 
sphere as a reflector to propagate the signal over substantial distances. 
Alteration of the ionosphere could result in propagation outages with sub- 
sequent loss of communication links. Many users, both civilian and military, 
could be affected. In addition, a number of satellite communication systems 
could be impacted due to scintillations. The results would be fading of the 
communication signal. Both LF (low frequency) and VLF (very low frequency) 
navigation systems rely on the ionosphere for signal propagation; for example, 
the Omega navigation system which is presently being implemented on a world- 
wide scale. This system will serve both military and civilian users, 
primarily ships and submarines at sea and aircraft flying out of the range 
of VHF navigation systems. To date, the Omega system has been widely praised 
for its accuracy. It is possible however that s'idden phase anomalies (SPAs) 
could increase the Omega location error by a factor of five. Similar degra- 
dations in performance may also occur for LORAN C which is presently being 
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Table 3.2 Possible Effect of SPS on 

Communication Systems 

System 

S>»ten Characteristics 

Power Beam Effects 

HF 

e 3-30 mz 


• 

Propagation outa^ 


e Uses ionosphere as reflector 

e 

Loss of coon, links 


to propagate 


• 

Many users affected 





- Ham 





- Military 

- Civilian 

AFSATCON 

e 260 MHz 


e 

Fading <kje to scin- 


'-SAO mz 



til lations 


e Satellite-to-ai reran 


• 

Aspect scatter could 


communication system 



cause ml ti path de- 
gradation 

IKTELSAT/ 

1200 mz 


• 

Fading, if severe 

MRISAT/ 

DOHSAT 

1600 MHz 



could be significant. 


6000 MHz 





4000 mz 





implemented in the United States as a supplement to the VOR system. Again, 
due to scintillations, performance of the Navstar Global Positioning Satellite 
could also be impacted by the SPS power beam. 
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TiM* 3.3 PnsIM* Effect »f SfS m NivisttlM System 
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• 8 stotfoos. mm 

• single freqwcNqr hyoer- 
tolic systcB (piiesc 
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0 Low altitude effect coeld 
CMsse sudden pliase anowaly 
esfd) 

0 SMs could Increase location 
error ty a factor of S (1 to 
S Biles) 

umm c 

• too SiZe pelse 

• «Mve (2000 itv) 
sty mvt (0000 loi} 

• Hyperbolic systes 

0 for sty ueve users* power 
beae could degrade perfdr«- 
ance althou^ sty wove users 
far removed free distm^bed 
regions 

^SltiOAlAf 

Satcllftc) 

first Satel- 
lite In 
1977 

• 7lrce-0 location using 
4 satellites 

0 1200 ^ 1€00 Ite (teo 
freeueocltt elMeate 
error of tooo- 
spliere) 

0 Use of lofiosplieric eodel 
for a slngle-frcf^ivicy 
eser 

0 Designed for Tow gain 
Qwil -receive antenna 

0 Electron density changes will 
not affect tuo-fre<^Mncy us«^ 

0 electron density changes In- 
crease error bu^t for 
slngle-freqi^ncy users 

0 Irregularities could cause 
scin '.Illations which owld 
prevent sync. acq. by unso- 
phisticated user 


As a result of the broad range of possible effects cited above, it is 
not possible to consider all of them at this point in time. Furthermore, 
it Is likely that many of these effects ifill not actually materialize and, 
thus, need not be dealt with— more work is necessary before it will be pos- 
sible to know which of the effects must be dealt with. Thus, the remainder 
of this section deals with the frequency allocation problem in general, 
focusing or the center frequency and harmonics of the planned 2450 MHz power 
beam frequency. 

Frequency allocations are assigned by region as indicated in Figure 
3.2. The United States with North and South America, Greenland and Hawaii 
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THE SHADE n PART REPRESENTS THE TROPICAL ZONE 


Figure 3.2 Frequency Allocation Regions 



is located in Region 2.^ Frequency allocations arc made with the concensus 
of states within the allocation region. The frequency allocation procedure 
is reviewed in Table 3.4. First» recommendations are made to the Federal 
COMminication Comission by the Joint Industry Government Committee, by pub- 
lic common carriers, and by others. These reconnendations are then forwarded 
to the Department of State along with recommendations from the Office of 
Telecommunications Policy and the U.S. study groups of the international 
Radio Consultative Committee. Frequemry allocations are then negotiated by 
the Department of State in the form of a treaty at a meeting of the Interna- 
tional Telecosnunication Union (ITU). These meetings of the ITU are referred 
to as World Administrative Radio Conferences (UARC). 

c 

The present frequency allocations for Region 2 are shown in Figure 3.3. 
It is interesting to note that essentially the entire frequency spectrum to 


Table 3.4 The Frequency Allocation Procedure 


• ReciXfniendations «ade to federal Co«inuni cat ions CoNRission (FCC) by 

- JIGC (Joint In^stry-Goirermoent Cociaittee}**E$tabl1shed by the Federal 
Advisory CoMiittee Act (5 U.S.C. §§1-15)— couposed of si* *n)rk1ng groups 

Orfinitlons amS Terminology 
UG-B: Sharing Principles 
BG-C: Sharing Criteria 
WG-0: Evolution and Requirrwits 

UG*E: Nontechnical Implications 
U6-F: Procedures 

- Public-CoMHon Carriers and others. 


a Recommendations made to the Department of State by 

- FCC 

- OTP (Office of Telecoaiaonicatlons Policy) 

- CC.R (U.S. Study Groups of International Radio Consultative Coauiittee) 


a Frequency allocations are made in the form of a treaty, negotiated by the 
Department of State, at a meeting of the Intomational Tel ecofluiuni cation 
Union (ITU). Such a meeting of the ITU ;s referred to as a dorld Adminis- 
trative Radio Conference (UARC). 
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figure T.3 Present Frequency Allocations In Region 2 




well above 10 6H2 is presently allocated for various terrestrial purposes 
and that a nuiber of slots are presently allocated for various space purposes. 
Figure 3.4 details the frequency allocation around the SPS center frequency.^ 
As noted above, the center frequency, 2450 NHz, is designated for industrial, 
scientific and medical purposes in Regions 2 and 3 with a band of 50 NHz to 
either side of the center frequency being protected. These frequencies are 
also allocated to, and used extensively by, the fixed service which includes 
the terrestrial microwave network. This network is already very extensive 
and is placii^ constraints on present communication satellites with tiie re- 
sult that ground station antennae are requiv'ed to be located well outside 
the center city areas. The total investment in the microwave network could 
not be determined within the scope of this study; however, it is expected 
to be at least as large as the total investment in satellite communication 
equipment and it is quite possible that SPS could impact much of this system. 

The present frequency allocation around the second harmonic of the SPS 
center frequency is shown in Figure 3.5.^ Again this frequency is allocated 
to the fixed service. The spectrum slightly above the second harmonic is 
allocated to radio astronomy purposes. This could be significant if radio 
astronomers believe that the second harmonic of the SPS center frequency 
will Interfere with their work. 

3.2 WARC 1977 and 1979 

In any discussion of frequency allocation for SPS, it is important to 
recognize two important meetings of the WARC. The first of these, WARC 1977, 
convened on January 10, 1977. The agenda for this meeting was: 

1. To establish sharing criteria for the bands 11.7 to 12.2 (Regions 
2 and 3) and 11.7 to 12.5 GHz (Region 1) between broadcast satel- 
lite service and other service including the fixed service, broad- 
casting service, mobile service and the fixed satellite (space-to- 
earth) in Region 2; 
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Figure 3.4 Present Frequency Allocation— 2300 to 2550 MHz 
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2. To plan for broadcasting satellite service 

3. To establish procedures to govern use of these bands by the broad* 
casting satellite service and other services. 

During this neeting, principles to govern the managenent of the geostation* 

ary orbit were discussed. These are discussed in mo»'e detail in Section 

4.1.2. 

A second important meeting of the UARC convenes on September 24, 1979 
and will remain in session for about 10 weeks. Two important debates are 
scheduled for this meeting: (1) regarding allocation of the geostationary 

orbit and (2) allocation of the center frequency 2450 NHz and all of its 
harmonics for industrial, scientific and medical purposes. Both of these 
debates are key to the future of SPS. This meeting is also d^'scussed fur- 
ther in Section 4.1.2. 

3. 3 Survey of Existing and Projected Satellites and Equipments 

The geostationary orbital arc occupancy present and planned is sutnmar- 
q 

ized in Figure 3.6. It has been estimated by COKSAT that by the end of 
the century some 50 satellites will be on oroit in the geostationary orbital 
arc. The services which they will provide will be both extensive and vital 
to the countries which they serve. In addition to communications, there 
will oe weather service satellites, earth observation satellites, tracking 
and data relay satellites, storm and disaster warning satellites and navi- 
gation satellites to name a few. Clearly, the industrialization of space 
has begui't with the exploitation of this important orbit. 

Tne Intelsat system alone, as of December 31, 1975, is shown in Figure 
3.7. It consists of satellites over the Atlantic, Pacific and Indian 
Oceans and, as of the end of 1975, tied together 71 countries, territories 
and possessions with 123 Earth stations in 97 locations. Investment in 
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Figure 3.6 Geostationary Orbital Arc Occupancy 




the Intelsat system Is shown in Mgure 3.8 as a function time. It is expec- 
ted that the present Intelsat IV-A satellite system will be saturated by 
1979.^^ To obtain more channel capacity, Intelsat has embarked on a program 
for developing and constructing its next generation of communicatiun satel- 
lites, the Intelsat V. These satellites will have a capacity of about 
12,500 two-way circuits each and will incorporate not only the dual beam 
concept of Intelsat IV-A but will also include repeaters in the new frequency 
bands at 11 and 14 GHz, in addition to those in the present 4 and 6 GHz bands. 
It will also incorporate the techniques of dual polarization. Seven Intel- 
sat V satellites are scheduled to be manufactured by Ford Aerospace and 
Communications Ccrp., four to be launched on the Atlas Centaur and three on 
the Space Shuttle. The total cost of the Intelsat V program is estimated 
to be approximately $450 million. The Intelsat ground station costs should 
not be neglected as a part of the total system costs. In 1976 the cost of 
a ground station ranged from about $3.5 to $7.5 million. 

Other cowminicatic . satellite systems scheduled for implementation 
in Region 2 are shown in Table 3.5. "!.ese include the Anik system which is 
the Canadian Domestic System, the Westar System of Western Union, the RCA 
Satcom, the COMSAT General /ATT System and the ATS Satellites. No doubt, 
these systems will be augmented by a number of other systems in the future. 

3.4 Conclusions 

It is clear from the above analysis that SPS will have to compete both 
for its required frequency spectrum and for orbital arc space. Assurance 
will have to be obtained that SPS will not produce intolerable amounts of 
radio frequency interference nor unduly disrupt other services such as com- 
munications, navigation, radiolocation and others. The requirements for 
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MILLIONS OF DOLLARS 





Table 3.5 Other Comnuri cat Ions SatelMte Systems (In Region 2) 


System 

Remarks 

e 

ANIK 

Canadian domestic system, 3 satellites In orbit. Net 
value S91.9 mil* *on as of Oecen^r 31, 197S. 

e 

UESTAR 

Western Union system, 2 satellites In orbit. Initial 
system. Including jt,en ground stations, estimated at 
$68. 8 million less Incentives. 

e 

RCA SATCOK 

RCA domestic system serving 48 states plus Alaska and 
Hawaii, 2 satellites If orbit. Approximate investment 
In systems is $180 million. 

• 

coh^.a: 

6ENERAL/ATT 

Serves ATT. ATT has 4 earth stations and shares capa- 
city witn GTE. GTE owns 3 earth stations, 2 satellites 
In orbit. Now entering commerd:! service. Total 1n- 
vest^^'^t about $105 million. 

• 

ATS 

NASA Application Technology Satellite. ATS-1 used for 
communications in Alaska, AT5-6 used for direct broad- 
cast at 2.25 GHz band for conmunity reception (education, 
health) . 


SPS to co-exist with other users in an rf environment that has been estab- 
lished over the past 70 or so years are likely to place enyineering demands 
upon the system. It appears, for example, that it will be necessary to 
ma'ntain the center frequency with very high precision and to minimize the 
radiated power both in the center frequency harmonics and in the frequen- 
ies to either side of the SPS center frequency. This could possibly mean 
control of the SPS frequency to an accuracy of as much as one part in a mil- 
lion. There might also be a need for a number of compromises between SPS 
and other orbital arc users. One such type of compromise m'g-it be found in 
the use of SPS platforms by other users. !n fact, the viaoility of the SPS 
concept may well rest in the ability to find equitable alternatives for th^ 
communications and other orbital arc users. 
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As indicated In this section and reiterated in Section 4, the Meetings 
of the ITU are key in (Attaining the frequency allocation necessary for SPS. 
As such it will be necessary to begin planning now the U.S. position for the 
1979 UAI^. By that tiae, the U.S. should have established a position rela- 
tive to SPS and should negotiate for frequency allocations accordingly. 

Finally, it should be observed that investnent in various satellite 
systens that will wake use of the geosynchronous orbit are already extensive 
and growing rapidly at an increasing rate. It will be necessary to regulate 
the growth of these systens in such a way that inplenentation of the SPS is 
not precliMled due to the space activities to take place over the next 2C 
years. 
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4 . SPACE RIGHTS 


Soae of the potential barriers to SPS develiHMient lie in areas of in- 
ternational 1aw» the law of outer space, and international policy formilation. 
This section exMines four main issues: 

1. Legal aspects of use of *:he geostationary orbit by satellite power 
systems 

2. Inpact of the 1967 Outer ^ce Treaty on the use of cuter space 
for orbital power generation 

3. Legal status of establishnent and operation of satellite power 
systens by private sector entities 

4 . Permissibility under existing intematior.a1 space law of estab- 
lishing weapons systens in orbit to protect solar power satellites 
fron attack. 

The basic conclusion of this section is that the existing principles 
of space law present no fundanental impediments to the development and in^le- 
mentation of a satellite power system; however, clarification of many ambi- 
^ities could create a more favorable environment for SPS. It is also true 
that these principles favor the SPS more if it is developed, constructed and 
operated within the context of an international organization rather than by 
one nation alone. Ho obstacle to the use of geosynchronous orbit by SPS 
was found, but the limited space available in this orbit and possible crowding 
for other uses could pose a problem. In the assignment of orbital positions 
for SPS, consideration must be given to the rights and demands of nations 
not presently active in space, particularly as these rights are protected by 
the 1967 Outer Space Treaty- It was concluded that construction and opera- 
tion of SPS by private sector entities is legal under existing space law. 
However, in so doing, these entities are acting as an arm of the government 
of the people they serve and that government assumes all responsibility and 
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liability with respect to the systea. Finally, existing space law ai^>ears to 
peralt on*orb1t allltary protection of SPS satellites so long as the Military 
systots used do not Include nuclear weapons or weapons of mss destructlcm. 
Beyond th«s analysis of existing space law, a nunber of Identifiable trends 
can be observed. It should be cautioned that the legal envlroment for SPS 
could change significantly over the next 20 years. 

4.1 Legal Aspects of Use of the Geostationary Orbit by Satellite Power 

Nearly all conceptual designs for satellite power systeas are based on 

use of the geostationary orbit. ^ The reasons for selection of that approach 

are Uireefold. First, the use of geostationary satellites would alnlalze 

the cost and coaplexity of ground receiving stations by ellninating the need 

for a steering mechanism to track satellites moving a'ong nongeostdCionary 

orbital paths. In light of the projected large size of the receiving an> 

tennas, systems based on the use of polar orbiting satellites My be infea- 
2 

sible. Second, the continuous use of a limited set of ground stations 
would minimize both the total system cost and the danger that the microMve 
or laser beam conveying to Earth the power products generated in orbit would 
spill over into areas surrounding the reception sites, potentially causing 

3 

physical harm. Third, a geostationary satellite would be capable of sup- 
plying an essentially continuous supply of energy. Solar arrays operating 
either on the Earth's surface or in polar orbit would be cut off from the 
sun during a significant portion of each time segment. In contrast, a sat- 
ellite in geostationary orbit would be continuously irradiated by the sun, 

4 

except for a sho't period near each vernal and autumnal equinox. Conse- 
quently, both experimental and operational satellite power systems are likely 
to utilize the geostationary orbit. 
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Both the present state of the International law of outer space and the 
character of the geostationary orbit as a United natural resource subject 
to a wide range of potentially conflicting uses raise issues relating to the 
utilization of the orbit. Relevant international law is embodied primarily 
in the 1967 Treaty or Principles Governing the Activities of States in the 
Exploration and Use of Outer Space, Including the Noon and Other Celestial 

5 

Bodies. To date, international discussions relating to the management of 

the geostatioruiry orbit have occurred primarily under the auspices of the 

International Telecommnication Union (ITU). 

4.1.1 p>e Outer Space Treaty arui Utilization of the Geostationary 
Orbit by Satellite Power Systems 

1. Article 1 

The 1967 Outer Space Treaty contains three main provisions which will 
affect utilization of the geostationary orbit by satellite power systems. 
First, Article I, which establishes the most basic principles governing 
activities in outer space, provides: 

The exploration and use of outer space, including the moon and 
other celestial bodies, shall be carried out for the benefit and in 
the interests of all countries, irrespective of their degree of eco- 
nomic or scientific development, and shall be the province of all 
mankind. 

Outer space, including the moon and other celestial bodies, shall 
be free for exploration and use by all States without discrimination 
of any kind, on a basis of equality and in accordance with interna- 
tional law, and there shall be free access to all areas of celestial 
bodies. 

There shall be freedom of scientific investigation in outer space, 
including the moon and other celestial bodies, and States shall facili- 
tate and encourage international co-operation in such investigation. 

a. Article 1(1): The "Common Interests" Clause . Paragraph 1 raises 
two main issues: first, whether this provision constitutes a binding contrac- 

tual obligation or '.s merely a declaratory of general objectives, and second. 
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the meaning of the phrase “for the benefit and in the interests of all coun- 
tries.” Related to the former is the question of whether the provision is 
self-executing. Some authorities argue that although the so-called "common 
interests” clause of Paragraph 1 embodies one of the broadest and most fun- 
damental principles upon which the outer space regime is founded, its breadth 
precludes direct application. Consequently, other, more limited, expressions 
of international consensus are required to give this provision enforceable 
form. Hence, pending agreement on specific operative principles elaborating 
the fundamental policy of Article 1(1), the use of outer space— and therefore 
of the geostationary orbit— is permitted under Article 1(2), provided it is 
peaceful in nature.^ 

A contrary conclusion is reached by a number of other authorities who 
take the position that the language of Article 1(1) is as binding as any 
other provision of the treaty. Two main reasons are advanced to support 
this proposition. First, during consideration of the text of the provision 
in the fifth session of the Legal Sub-Committee of the Committee on the 
Peaceful Uses of Outer Space (CPUOS), a proposal to delete the phrase "for 
the benefit and in the interests of all countries" from Article I and place 
it in the preamble was rejected.^ Similarly, the draft of Article 1(1) was 
modified when the words "irrespective of their degree of economic ov scien- 
tific development" were moved on the basis of a consensus from initial posi- 
tion in the preamble to their present position following the "common interests" 
clause, because the developing countries advocated inclusion of the latter 

O 

phrase as part of the binding treaty commitment. Thus, it may be inferred 
that the drafters intended Article 1(1) to be binding. Second, even if the 
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provision Is considered non-self-executing and the effectiveness of the limi- 
tation Is thereby somewhat diminished. Its binding character Is not Impaired 
and the legislative or executive acts necessary to Imnipment the binding 

9 

provision are nonetheless mandatory for all parties to the treaty. 

The content of the phrase "for the benefit and In the Interests of all 
countries" In Article 1(1) Is also open to dispute. Some authorities take 
the position that the treaty's admonition to use outer space for the benefit 
of all members of the International community constitutes no more than a 
duty upon each member not to misuse outer space In a way idilch could dimin- 
ish the value of space activities to other members. Under that construc- 
tion, unilateral use of an orbital slot would not violate Article 1(1), 
since space shuttle technology and the potential ability to remove Inopera- 
tive satellites from orbit emphasizes the character of the geostationary 
orbit as a renewable resource which is nondeoletable in any permanent sense. 

Others have taken the closely related position that the phrase means 
that the use of space objects should not be detrimental to the Interests of 
other countries. Including national security, public order and sovereignty 
over natural resources which are protected under international law.^^ How- 
ever, in contrast to other potential uses of the geostationary orbit, the 

use of space for solar power generation does not affect any of those 

12 

essentially terrestrial interests. The third possible interpretation 

would impose on space powers the obligation either to permit other countries 

to use the former's space vehicles or to share the financial benefits of its 

space activities. Arguments supporting this position have been raised in 

the discussions of the CPUOS Legal Sub-Committee relating to the direct broad 

13 

cast and earth resources satellites. To date, that approach has received 
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little direct international support. Nonetheless* a similar approach re- 
lating to the exploitation of resources in another area located beyond the 
limits of national jurisdiction, the deep seabed, has received substantial 

support during the present series of United Nations Conferences on the Law 
IS 

of the Sea. Although a scheme for licensing exploitation of t)« orbit and 
distributing the proceeds equitably among the members of the international 
connunity has been proposed, current developments in space law and the law 
of the sea suggest that final agreement on such an arranganent is not likely 
to occur in the near future. 

An analysis of trends in the interpretation of Article 1(1) as it ap- 
plies to the utilization of the geostationary orbit indicates a nuiid)er of 
conclusions. First, as an operative element of a treaty. Article 1(1) is 
binding upon all states which are parties to tl^ treaty. Second, the con- 
tent of the "common interests" clause is unclear and therefore requires 
further elaboration. As a result, the clause may be considered non-self- 
executing for purposes of developing a satellite power system. Third, al- 
though the clause's content is unclear, at a minimum it imposes a duty upon 
states not to use outer space in such a way that either the earth-bound 
interests of other states, including national security, are Jeopardized or 
the potential interests of the latter in the exploration or use of outer 
space are diminished by deplet'un or complete use of space resources, in- 
cluding the geostationa 'y orbit. Finally, although the upper limit of the 
"common interests" requirement is unclear under existing space law. Article 
1(1) does not require space powers to share either their space vehicles or 
the profits derived from space activities with nonspace powers. From these 
conclusions, it appears to us that Article 1(1) and its requirement that outer 
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space be used "for the benefit and In the interests of all countries" Mould 
not inhibit plans to use a segment of the geostationary orbit for the pur* 
pose of satellite pouer generation. 

b. Article 1(2): The "Free Use" Clause . The second paragraph of 
Article I, which embodies the principle of the free exploration and use of 
outer space, also bears upon the utilization of the geostationary orbit. 
Because of its policy of promoting space activity. Article 1(2) has played an 
in;>ortant role in the protection of space initiatives against unnecessary 
restrictions. In particular, the "free use“ principle has provided the 
conceptual basis for resisting arguments that activity in outer space is 
unlawful In the absence of clear and convincing evidence that it is being 
conducted "for the benefit and in the interest of all countries."^® 

Although the "free use" is one of the key principles of the Outer Space 
Treaty, and is sufficiently broad to sustain the right of states to conduct 
activities in outer space free from claims of sovereignty of subjacent 
states, it is not unlimited. In addition to the prohibitions of Article II 
relating to nonappropriation and Article IV dealing with the stationing of 
nuclear weapons in outer space, the "free use" principle is subject to the 
limitations imposed by Article IX on activities likely to contaminate either 
outer space or earth. 

Similarly, Article 1(2) must be read in the context of the "common in- 
terests" clause of Article 1(1) with the result that the advantages to be 
derived from rapid development of the geostationary orbit must be balanced 
against the requirement that the development be carried out in a manner 
beneficial to all members of the international community. In that combina- 
ion, the "free use" clause creates a tendency to limit the potential inhib- 
iting effect of a restric"ive construction of Articla 1(1). As applied to 
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the use of the geostationary orb1t» Article 1(2) tends to shift construction 
of Article 1(1) toward the minimal duty to avoid conducting space activities 
In a manner detrimental to the Interests of nonparticipating states as de- 
scribed above. 

2. Article II 

The provision of the Outer Space Treaty which affects utilization of 
the geostationary orbit most directly Is A>'t1c1e II, which provides! 

Outer space. Including the moon and other celestial bodies. Is 

not subject tu national appropriation by claim of sovereignty, by 

means of use or occupation, or by any other means. 

The language of Article II raises three main Issues with respect to 
the use of the orbit: 

1. The subject matter to which the prohibition applies 

2. The meaning of the term “appropriation" 

3. The validity of "appropriation" by entities other than national 
governments.^® 

In theory, a satellite power system could "appropriate" both the sun's 
energy and a segment of the geostationary orbit. With respect to solar 
energy, the prohibition should not apply. One of the primary purposes of 
Article II is to implement the "free use" policy of Article 1(2). Article 
II must therefore be construed to promote rather than inhibit tiie explora- 
tion and use of outer space. Nearly all satellites presently in service or 
planned for the near future will depend on conversion of the sun's energy to 
electrical power for use in the operation of their respective payloads. 
Large-scale use of alternative energy sources by satellites may be imprac- 
tical. As a result, application of the Article II prohibition to the use 
of the sun's energy would sharply limit the scale, duration, and, hence. 
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the economic viability of space development projects. Further, In the ab- 
sence of special circumstances, enforcement of Article II against the "appro- 
priation" of essentially Inexhaustible space resourc s would serve little 
20 

purpose, and should be avoided In favor of the "free use" principle. 

Since the same policy considerations apply to conversion of solar energy for 

use on Earth as well as for use by satellites In orbit. Article II probably 

does not limit the use of solar energy by satellite power systems. 

In contrast, use of a particular segment of the geostationary orbit Is 

uridoubtedly subject to the terms of Article II, especially In light of Its 

function of providing support to the "free use" principle. A satellite 

power system would occupy a particular slot In the geostationary orbit. 

21 

Because of the projected dimensions of a solar power satellite and other 

cons1de<^at1ons, the size of the orbital slot required for safe operation may 

be greater than that required for existing consnuni cations or meteorological 

satellites. In addition, other factors suggest the need for safety zones 

similar In concept to those established for Installations engaged In explol- 

22 

tatlon of the resources of sutxnarine areas. Although the Article II pro- 
hibition clearly applies to the appropriation of a particular orbital slot, 
the determination of the validity of placing a solar power satellite in 
geostationary orbit is dependent on the meaning of the term "appropriation" 
as used in Article II. 

Professor Gorove’s analysis of the concept of "appropriation" suggests 
the existence of two subsidiary elements: 

1. Exclusive use 

23 

2. Relatively permanent use, including consumption. 
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It has been argued that since use of a particular orbital slot by a geosta- 
tionary satellite is temporary, the requirement of permanence is absent and 
the use of the orbital slot cannot be considered an "appropriation" within 

2A 

the meaning of Article II. Other authorities conclude that national use 
of particular segments of the orbital arc deprives other states of the oppor- 
tunity to use the same area and therefore constitutes appropriation through 
25 

occupation. The key issue is the permanence of the use. Evaluation of 

the econoriic viability of a satellite power system is based on the assump- 

26 

tion that the system would operate for up to thirty years. Although that 
period is lengthy, it does not indicate the permanence necessary to invoke 
the prohibitions of Article II. However, longer periods could exceed the 
nit and come within the purview of Article II. 

The third issue relates to the identity of the system operator. Arti- 
cle II prohibits only national appropriation, suggesting that even permanent 

use of an orbital slot by international organizations or commercial entities 

27 

would not constitute a violation of that provision. Consequently, a com- 
mercial consortium would net be prohibited under Article II from maintaining 
a solar power satellite in a particular orbital slot for an indefinite period. 
Similarly, subject to establishment of a clear distinction from other types 
of organizations, an "international" organization would not be prohibited 
either from operating a similar system or allocating orbital slots among 
its members. For that reason, the activities of the International Telecom- 
munication Union described in Section 4.1.2 relating to the management of 
the geostationary orbit do not violate Article II. 
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Two potential limitations on these conclusions should be noted. First, 

If an entity were established which, although commercial In form, was ess.n- 

tially under the control of the government of the country In which It Is 

organized, permanent use would constitute national, as distinguished from 

28 

nonnational, appropriation. Second, dispute has arisen regarding the 

mlnimtm standard for an International organization which would be implicitly 

exempted from the rule of nonapproprlatlon. Professor Jenks has argued that 

only the United Nations as a representative of the whole international com- 

munity should be exempt. Presumably any intergovernmental organization 

of relatively universal n«mbersh1p satisfies the minimum standard. However, 

some question remains regarding the exemption of an organization composed of 

30 

a limited number of goverrenents. 

Thus, the Article II prohibition against the appropriation of outer 
space applies to exclusive use of a segment of the geostationary orbit. How- 
ever, the prohibition does not apply to the activities of either nongovern- 
mental entitles or relatively comprehensive international organizations. 

The implications of the nonappropriation provision for satellite power sys- 
tems are further limited by the conclusion that since the use contemplated 
is not permanent, exclusive use for a limited period of time would not con- 
stitute "appropriation" as that term is used in Article II. Hence, we 
believe that regardless of the operating entity's institutional structure, 
it can expect to conduct power generation activities in goestationary orbit 
without concern that its action violates Article II. 

3. Article IX 

Article IX, the third provision of the Outer Space Treaty which is 
likely to affect the utilization of the geostationary orbit, provides in 
part: 
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In the exploration and use of outer space, including the moon and 
other celestial bodies. States Parties to the Treaty shall be guided 
by the principle of co-operation and mutual assistance and shall conduct 
all their activities in outer space. Including the moon and other celes- 
tial bodies, with due regard to the corresponding Interests of all 

other States Parties to the Tr<»aty If a State Party to the Treaty has 

reason to believe that an activity or experiment planned by It or its 
nationals In outer space. Including the moon and other celestial bodies, 
would cause potentially harmful Interference with activities of other 
States Parties In the peaceful exploration and use of outer space. In- 
cluding the moon and other celestial bodies. It shall undertake appro- 
priate International consultations before proceeding with any such 
activity or experiment. A State Party to the Treaty which has reason 
to believe that an activity or experiment planned by another State 
Party in outer space, includi^g the moon and other celestial bodies, 
would cause potentially harmfu’ Interference with activities in the 
peaceful exploration and use of outer space. Including the moon 
other celestial bodies, may reguest consultation concerning the 
or experiment. 

Like Article II, Article IX operates as a limit on the "free use" [). ' . c 

of Article 1(2). Under the terms of Article IX, national space activities 

may not be carried out without taking into account the interests of other 
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states. That limitation Is particularly relevant to the use of the geo- 
stationary orbit, where the problem of conflicting uses is complicated, 
first, by potential interference among satellites which are located in 
proximity to one another, and second, by disputes between countries which 
Intend to use a particular orbital slot In the present or near future and 
countries which plan to use the same slot in the more distant future and 
which are therefore concerned about preserving their future interests. In 

an effort to promote resolution of these potential conflicts. Article IX 
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provides the basis for consultation among the concerned parties. The 
general policies of Article IX are applied to the utilization of the geosta- 
tionary orbit by the inte lational Telecommunication Convention and the Radio 
Regulations periodically revised by ITU conferences. 
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4.1.2 Activities of the International Tclecowwiniotlons Union Affect» 
Ina the Utilization of the Geostationary Orbit 

International debate regarding the practical application of Articles I, 

II and IX of the Outer Space Treaty to the task of nanaglng the geostationary 
orbit have occurred priurlly at the World Adnini strati ve Radio Conferences 
convened by the International Teleconnunicatlon Union (IHI) for the purpose 
of regulating global tel ecomnunl cations activity and accommodating conflict- 
ing uses of the electromagnetic spectrum. During the past fifteen years, 
the ITU has also developed an Interest In the management of the geostation- 
ary orbit. 

That Interest Is based both on the special characteristics of the orbit 
which make It particularly valuable for communications satellite applications 
and on the character of the geostationary orbit as a limited natural resource. 
Some experts argue that If mutual Interference Is to be avoided, the number 
of satellites In geostationary orbit must be limited to 180.'^^ Others con- 
tend that the spacing of satellites could be diminished, leaving only the 
necessary safety margin to ensure avoidance of collision, with the result 
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that the capacity of the o*'bit could be Increased to nearly 1800 satellites. 
However, in order to ensure avoidance of mutual interference under the pres- 
ent state of communications satellite technology, che spacing must be in- 
creased beyond the minimum necessary to prevent collision, satellite-satellite 
occultations, radio interference, etc. Thus, although the maximum capacity 
Is dependent on a number of technical variables, including frequency stagger- 
ing, signal polarization, signal format, location of earth stations and 

transmission power, and, hence, ca.;not be precisely calculated, the geosta- 
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tionary orbit must be considered a limited resource. 
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The 1959 ITU Radio Regulations Mhich ^vem the use of the electronag- 
netlc spectruR have been periodically revised to respond to developnents In 
satellite co a w unicatlons. In 1963* the ITU convened the Extraordinary Admin- 
istrative Radio Conference In Geneva to allocate frequencies for use by 
satellites. Although the Radio Regulations mere partially revised,^ the 
conference did not alter the historical practice of pemlttlng Individual 
states to assign transmission frequencies unilaterally.^^ Thus, the tradi- 
tional "first come, first served" approach was extended Into the realm of 
satellite co mm u nication, where It applies both to the allocation of fre- 
quencies and to occupation of orbital "partci.ig slots* by communications 
38 

satellites. Since that approach gives an obvious advantage to those tech- 
nologically advanced states which are presently capable of establishing geo- 
stationary satellite systems, less developed states began to exert pressure 

to preserve future Interests In use of the orbit against saturation by sure 
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developed countries. 

During the following eight years, utilization of the orbit grew drama- 
tically, causing Increased concern among nonspace powers. Against this 
background, the ITU convened the 1971 World Administrative Radio Conference 
for Space Teleconmunicatlons (WARC-ST) in Geneva. In opposition to proposals 
that the ITU should allocate not only frequencies but orbital slots as well, 

the United States argued that regulation of the orbit would inhibit its de- 
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velopment as a natural resource. The strength of the opposition and other 

41 

complications resulted In the general preservation of the status quo. None- 
theless, some progress was made toward the accommodation of the conflicting 
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interests of states at various stages of econonic and technological develop- 

■ent. Article 9A of the Radio Regulations uas revised to establish a nechan- 
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1s« for coordinating use of the geostationary orbit. Section I requires a 
govemnent which Intends to establish a satellite system to convey to the 
International Frequency Registration Board (IFRB), the entity responsible 
for management of the International use of the electromagnetic spectrun,^^ 
within five years prior to connencement of service. Information defined In 
Appendix IB of the Radio Regulations *%1at1ng to the characteristics of the 
system's satellites and earth stations. Including orbital Information. In 
particular with respect to geostationary satellites. Section II re<pi1res any 
government considering the use of the orbit to coordinate the planned use- 
prior to notification of the IFRB under Section I on conmencement of servlce- 
wlth any other government which has registered an assignment In the same band 
with the IFRB or which Is engaged In or has completed coordination procedures 
under this section. To facilitate coordination, the former Is to supply the 
Information defined In Appendix 1A of the Regulations. The purpose of this 
coordination procedure Is to promote resolution of potential conflicts prior 
to commencement of system construction. 

Another element of the effort of delegates to the HARC-ST conference to 
resolve conflicts regarding management of the orbit Is embodied In Resolu- 
tion Spa 2-1, which reflected the concern of nonspace powers regarding the 
management of the orbit. In part the resolution provides: 

The World Administrative Ra'^lo Conference for Space Telecommuni- 
cations (Geneva, 1971), 
considering 

that all countries have equal rights In the use of both the radio 
frequencies allocated to various space radiocoinnunicatlon services and 
the geostationary satellite orbit for these services; 
taking Into account 
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that the radio frequency spectrua and the geostationary satellite 
orbit are United natural resources and should be nost effectively and 
econonically used; 
having in wind 

that the use of the allocated frequency bands and fixed positions 
in the geostationary satellite orbic by individual countries or groups 
of countries can start at various dates depending on requirenents and 
readiness of tecimical facilities of countries: 
resolves 

1. that the registration with the ITU of frequency assignnents for 
space radiocoNMinication services and their use should not |wt>vide any 
pemanent priority for any individual country or groups of countries 
and should not create an obstacle to the establishnent of space systens 
by other countries 

The linkage between the revised version of Article 9A and Resolution Spa 

2 •^ is emb o d ied in Resolution Spa 2-2 which reiterated the io^rtance of 

achieving the best possible use of the geostationary orbit ami the frequency 

bands assigned to the broadcasting satellite service, and which called upon 

participating goverments to esta*)lish and operate satellite broadcasting 

systens in accordance with plans established by general and regional confer- 
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ences in which affected states are entitled to participate. Although not 
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binding on the parties to the International Telecoinnunication Convention, 
the resolutions expressed a broadening consensus among participating delega- 
tions and emphasized the fact that the Radio Regulation does m>t provide 

permanent protection to spectrum and orbital assignments for space broad- 
46 

casting services. However, the resolutions did not allay the concern of 
nonspace powers that present space activities will saturate the most desir- 
able se^ients of the orbi,.al arc. 

The third phase of the ITU's consideration of the problem of allocating 
the geostationary orbit among potentially conflicting uses occurred at the 
Plenipotentiary Conference of the ITU which was held in September and Oto- 
ber 1973 in Torreniolinos. The basic purpose of the conference was to 
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evaluate and. If necessary, revise the ITU's fundamental structure and func- 
tions. In addition, the question of orbital slot allocation was Included In 
the agcrRda.^^ In that context, the Israeli delegation proposed to modify 
the International Telecommunication Convention to authorize ITU al'ci'tion 
of both the frequency spectrum and geostationary orbital slots as a means of 
ensuring equitable access by all parties. Although the Israeli proposal 
did not receive the support required for adoption, the Plenipotentiary Con- 
ference amended the listing of the duties to be performed by the IFRB con- 
tained In Article 10 of the Convention to add relatively undefined responsi- 
bilities relating to the geostationary orbit. In revised form. Article 
10(3) provides: 

The essential duties of the International Frequency Registration 
Board shall be: 

a) to effect an orderly recording of frequency assignments made 
by the different countries so as to establish, in accordance with the 
procedure provided for In the Radio Regulations and In accordance with 
any decision which may be taken by competent conferences of the Union, 
the date, purpose and technical characteristics of each of these as- 
signments, with a view to ensuring formal international recognition 
thereof. 


aa) to effect, in the same conditions and for the same pur- 
pose, an orderly recording of the positions assigned by countiHTs 
to" geostationary satel 1 i tes ; 

b) to furnish advice to Members with a view to the operation of 
the hiaximum practicable number of rauio channels in those portions of 
the spectrum where harmful interference may occur, and with a view to 
the equitable, effective and economical use of the geostationary satel- 
lite orbit; 

c) to perform any additional duties, concerned with the assign- 
ment and utilization of frequencies and with the utilization of the 
geostationary satellite orbit , in accordance with the procedures pro- 
vided for in the Radio Regulations, and as prescribed by a competent 
conference of the Union, or by the Administrative Council with the 
consent of a majority of the Members of the Union, in preparation for 

or in pursuance of the decisions of such a conference (emphasis added) 
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In essence* the IFRB Mas instructed to record use of orbital slots on the 
SMe basis as frequencies for space services. 

Although the revised version of Article 10 authorized recording of 
orbital use, the basic "first come, first served" approach Mas not altered. 
HoMever, in order to preserve the interests of nonspace pouers, the Plenipo- 
tentiary Conference also revised Article 33 to provide: 

Rational Use of the Radio Frequency Spectrum and of the Geostationary 
Satellite Orbit 

In using frequency bands for radio space services. Members shall bear 
in mind that radio frequencies and the geostationary satellite orbit 
are limited natural resources, that they must be used efficiently and 
economically so that countries or groups of countries may have equitable 
access to both in conformity with the provisions of the Radio Regula- 
tions according to their needs and the technical facilities at their 
disposal .50 

Read in combination, the revised version of Articles 10 and 33, which 
becor«e effective January 1, 1975, lead to a series of conclusions regarding 
the status of management of the geostationary orbit: 

1. Countries are entitled to utilize the geostationary orbit and 
obligated to record such use with the IFRB. 

2. At least during the period of active use of an orbital slot, the 
system operator is protected against harmful interference from 
subsequently established systems by the coordination requirements 
of Article 9A, 

3. The system operator is not entitled to permanent utilization of 
any particular orbital slot. 

4. Governments operating geostationary satellites are required to 
conduct their operations in such a way as to permit equitable 
areas to orbital slots by other governments subsequently estab- 
lishing communications systems based on the use of geostationary 
satellites. 

At the 1977 World Administrative Radio Conference for the planning of 
the broadcasting-satellite service in the 12 Ghz band (WARC-BS), principles 
to govern the management of the geostationary orbit were discussed. During 
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the debates, Colombia and other equatorial states raised the question of 

national sovereignty over the geostationary orbit. At the 1975 session of 

the First Committee of the General Assembly, Colombia had asserted that the 

geostationary orbit is a natural resource over krhich equatorial states are 

entitled to exercise sovereign rights in relation to the segments of the arc 

52 

located over their respective territories. Similar contentions had been 
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incorporated in the Bogota Declaration of December 3, 1976. The states 
which supported that document raised the question at UARC-6S and stated 
their opposition to allocation of orbital slots in an effort to promote inter- 
national recognition of national jurisdictional control. Recognition of that 
approach would permit tte equatorial states to control access to the orbit, 
roost likely on a licensing basis. Conflicts with the "free use" principle of 
Article 1(2) and the Article II prohibition against appropriation as wtrll as 
the low level of support from nonequatorial states suggest that the estaolish- 
ment of an international consensus on this approach is unlik'ily. But the likely 
result in the long run is not reinforcement of traditional sovereignty claims 
(albeit temporary) by nonequatorial states, but a trend towards internationali- 
zation of decision making. 

The remaining delegations divided their support between development of an 
a priori plan and evolutionary planning for orbital slot and frequency alloca- 
tion. Under the first approach, a comprehensive plan coverinc all aspects of 
the allocation question would be developed in an attempt acccr.ntcdate to the 

maximum possible extent the whole set of needs foresee Sj ih** oeriod covered by 
54 

the plan. In contrast, under evolutionary planning, system design and deploy- 
ment would be undertaken within limits imposed by a series of general sharing 
principles and would be based on prior consultations with other governments 
whose existing systems could be affected by the establishment of new systems. 
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Under that approach, no advance assignments of orbital slots, frequencies and 
signal polarizations are made, permitting actual use to benefit from advancing 
technology. 

The a priori approach enjoyed substantial support from a significant 
number of nonequatorlal states In Regions I and III. The United States led 
another bloc of states. Including Canada and Brazil, which opposed a priori 
planning, supporting Instead various forms of evolutionary allocation for Re- 
gion II. When the UARC-BS ended, no a priori plan was approved for Region II, 
but a conference of Region II countries. Including North and South America and 

the Caribbean states, was scheduled for 1982, at which a "detailed plan" Is to 
56 

be considered. Thus, the conference did not significantly alter the existing 

regime with respect to the use of tl« geostationary orbit by the United States, 

Canada and Latin America. However, techriological advances are likely to result 

In Increased pressure to preserve rights of access for states which do not yet 

possess the capability to operate satellite systems. 

In June and July 1976, the Administrative Council of the ITU met In 

Geneva to determine, among other things, the agenda for the 1979 World Admin- 
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Istrative Radio Conference. In Its present fonn, the agenda calls for the 
review and. If necessary, revision of Articles 9 and 9A relating to the co- 

CO 

ordination, notification and recording of frequency assignments. As noted 

above. Article 9A establishes procedures for coordinating use of the geosta- 
59 

t1 ona ry orbit. 

In the context of discussions of Article 9A, the issue of allocating 
orbital slots Is likely to be raised. Participating delegations are expec- 
ted to align themselves along the lines drawn at the WARC-BS. Thus, we would 
expect that equatorial states will continue to press their claims that the 
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geostationary orbit is a natural resource subject to the sovereign control 
of individual countries which lie along the equator. The nonequatorial 
developing countries and those which are considered developed but which do 
not yet possess the capability to operate sophisticated satellite systems 
could be expected to press for adoption of a comprehensive frequency and 
orbital slot allocation plan which would ensure future access to segments of 
the geostationary orbit suitable for national or regional use. The United 
States and oth« r space powers are likely to continue their support of evo1u> 
tionary planning in order both to ensure maximum use of the orbit and to 
incorporate technological advances into ttK allocation scheme as rapidly 
they occur. 

The debate will be given a sense of urgency by intervening communica> 
tions satellite experimentation and the evolution of planning for operational 
domestic, regional and global satellite networks. Canadian and American ex- 
perimentation using the ATS-6 and CTS systems will focus on 'Applications of 
geostationary, high-power broadband satellite transmissions in conjunction 
with small terrestrial receiving terminals. In addition, experimental 
activities by the European Space Agency (ESA) and the Japanese National 
Space Developme’it Agency (NSDA) are expected to demonstrate the utility of 
new applications.^^ 

These experimental activities will provide the basis for expanded oper- 
ational use of geostationary communications satellites. Significant expan- 
sion of the Intelsat network and deployment of new Intelsat V satellites are 

go 

projected. On the regional level, the Arab League's Telecommunications 
Union is considering establishing a system based on geostationary satellites 
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for the provision of broadcast and telephone services to each member country. 
Expanded Domestic Systems are either under development or in the planning 
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phase In the United States* Canada, Imfonesla, Iran and Japan. In addition, 

a number of countries, including Algeria, Zaire, Brazil, Nigeria and Norway, 

have leased or are considering leasing ti ansponders from Intelsat for dedi- 
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cated use in domestic systems. 

Increases in existing and planned use of the geostationary orbit for 
communications and other purposes will provide in^tus for the 1979 MARC de- 
bate regardir^ allocation of the geostationary orbit. Because of the key 
role played in the existing law of outer space by the "free use" principle 
of Article 1(2) and the nonappropriation principle of Article II, and in 
light of the potential economic and social value of the proposed satellite 
applications based on the use of the geostationary orbit, the claims of 
equatorial sU« ~ to soveteign control over large segments of the orbit 
will not easily receive broad international recognition. A struggle Is 
likely to take i:iare between comprehensive advance allocation of frequency 
and orbital slots and allocation according to actual use, taking into account 
existing systems and advancing technology. 

Current positions and trends of discussion indicate that although sub- 
stantial discussion of the problem will occur at the 1979 UARC, no definitive 
solution will be reached, because of the strength of the competing interests 
involved. Proposals for both a priori and evolutionary planning are likely 
to be referred for consideration to regional conferences. After considera- 
tion there, the resulting recommendations will probably be reexamined at a 
general MARC in the mid-1980s. Debates at the 1970 MARC and subsequent con- 
ferences are likely to reveal a trend toward the assignment within each 
region of orbital segments dedicated to individual communications services. 
Mithin each segment, each country would be assured equitable access to 
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orbital slots, but no specific frequency or orbital slot allocations Mould 
be Made In advance of actual use. Despite a trend tOMard that approach, 
conpllcatiny factors Including noncdmminlcatlons applications such as satel- 
lite poMer generation are likely to delay establishment of an effective com- 
promise among competing Interests. 

Thus, the Impact of the 1979 MARC on the development and establishment 
of satellite pouer systems Is eApected to center on Identification, first, of 
the problems of coordinating potential uses of the geostationary orbit to 
avoid mutual harmful Interference, and second, of the competing Interests 
of equatorial, developing and developed countries In the use of the orbit. 

!n particular, since satellite power systems are not likely to be operational 
prior to 1995 and therefore are dependent on long-term orbital management 
activities. It Is anticipated that the 1979 MARC will emphasize the Impor- 
tance of preliminary planning and evaluation of future orbital requirements 
for satellite power systems In order to ensure that future conferences take 
Into account both the need to establish such systems and. If established, 
their projected orbital requirements. 

4. 2 Satellite Power Systems and the 1967 Outer Space Treaty 

The second major set of Issues affecting the legal status of satellite 
power systems centers around the basic principles of International space law 
as embodied In the 1967 Outer Space Treaty. Closely related to the discus- 
sion In Section 4.1 of International lega’ r'pclples governing the utiliza- 
tion of the geostationary orbit for all peace. ^1 purposes, the present 
section focuses on the norms as they affect the use of outer space for the 
specific purpose of povter generation. 
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4.2.1 Article I 

As noted In Section 4.1.1, Article I presents two main Issues: 

1. The existence of a binding obligation to explore and use outer 
space "for the benefit and In the Interests of all countries...;" 

2. The content of the declaration that outer space "shall be free for 
exploration and use b> all States without discrimination of any 
kind...." 

Assessing the Impact of Article I on the use of the geostationary orbit. 
Section 4.1.1 concluded that It Imposes on states engaged In space activi- 
ties a duty not to use outer space In a manner which would jeopardize either 
the earth-oriented or space-oriented Interests of other states. Further, 
space powers are not required under the existing law of outer space to share 
either their space Initiatives or the profits of such ventures with other 
states. The same principles apply to the use of outer space for the purpose 
of power generation. 

As presently conceived, a satellite power system would not adversely 
affect a state's sovereignty over its natural resources. Its political, 
social, cultural and economic self-determination or domestic orde»* among its 
citizens. Those Interests would not Inhibit establishment and operation of 
a satellite power system. A second potential concern could arise among 
energy-producing countries that the establishment of such systems by energy- 
consuming countries could undermine the economies of the former. However, 
as suggested below in Section 4.2.3, international law does net protect 
countries against either economic competition or economic pressure. 

More substantial concerns could arise in other areas. A system based 

on the use of a laser transmission beam could jeopardize the national secur- 
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ity of other countries, because of the potential military applications. 
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However, use of power satellites «s weapons would probably contravene the 
Article IV ban on the stationing of weapons of mass destruction. Protection 
against that eventuality would therefore not be dependent on the more 
general provision of Article 1. The transmission beam '‘ould also traverse 
the airspace and therefore encroach upon the territorial integrity of non- 
participating states. That possibility could be avoided, first, through 
careful system design, and second, through consultation with potentially 
affec^’ed states as provided in Article IX. Similarly, the possibility of 
environmental degradation affecting air, water and land areas, as well as 
associated human and wildlife must be avoided through the same procedures. 
The potential for interference of the transmission beam with the radio 
oonsnunications of other countries could be avoided either under procedures 
established in the International Telecommunication Convention and the Radio 
Regulations or under the consultation procedures of Article IX. 

In addition to the questions relating to the interpretation of Article 
I discussed in Section 4.1.1 above, an assessment of that provision's im- 
pact c:‘i the use of outer space fo>^ the specific purpose of satellite oower 
generation raises a set of issues centering around the argument t^iat Article 
1(1) requires states to use outer space "for exclusively peaceful purposes."* 
Assuming for the purposes of this subsection that the Article 1(1) require- 
ment that outer space be used "for the benefit and in the interests of all 
countries" contains within it the requirement that outer space be used "ex- 
clusively for peaceful purposes, the main point of contention is the 
meaning of the latter phrase. Regardless of their respective positions on 
the question of content, authorities agree that the main interpreiational 
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alternatives are limited to two: "peaceful uses" can be define! either as 

"nonaggressive uses," leaving open the possibility of t: • e of outer 
space for defensive military purposes, or as "nonmilitary uses," excluding 
both aggressive and defensive acti. 'ties.^^ However, satellite power gener- 
ation, as distinguished from the use to which the resultant power is put, 
is neither aggressive nor defensive as those terms are used in a military 
context. Consequently, the act of producing power in orbit complies with 
the proposed interpretation of Article 1(1) that requires outer space to be 
used exclusively for peaceful purposes. 

4.2.2 Article II 

The implications of Article II for satellite powe generation activities 
are limited to the potential apprr^riation both of a segment of outer space 
corresponding to the orbital slot and of solar energy. As indicated in Sec- 
tion 4.1.1 above, the Article II prohibition should not be applied to use of 
solar energy because of its essentially inexhaustible character. In addi- 
tion, Article II is not likely lo inhibit use of a particular orbital slot 
for the lifetime of any projected system, regardless «* the institutional 
configuration of the system operator. An argument could be raised that the 
use of a transmission beam which could necessitate the establishment of 
safety zones around the beam constitutes appropriation of outer space in vio- 
1 tion of Article II. However, the considerations discussed above which ap- 
pear to exempt use of the geostationary orbit by satellite power systems from 
the Article II prohibition against appropriation would also permit use of 
microwave or laser power beams to connect the space and ground segments. 
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4.2.3 Article 111 

Another fundamental principle affecting the utilization of outer space 
Is the general applicability of International law as embodied In Article III, 
which provides: 

States Parties to the Treaty shall carry on activities In the 
exploration and use of outer space. Including the noon and other 
celestial bodies. In accordance with International law. Including 
the Charter of the United Nations, In the Interest of maintaining 
International peace and security and promoting r .tematlonal co- 
operation and understanding. 

As suggested in Subsections 4.2.1 and 4.2.2, Article III, through Its 
reference to the United Nations Charter, affects the use of satellite power 
systems, first, because 't prohibits the aggressive use of military force, 
and second, because It does not prohibit the use of economic pressure. In 
both cases, the key Is Article 2(4) of the United Nations Charter tdilch 
provides: 

All Members [of the United Nations] shall refrain In their International 
relations from the threat or use of force against the territorial Integ- 
rity or political Independence of aiy state, or In any manner Inconsis- 
tent with the purposes of the Uni'lea Nations. 

Interpretation of this provision in light of the remainder of the Charter 
suggests that the use of armed force is prohibited, except under certain spe- 
cified circixnstances when the use of force in self-defense is authorized.^^ 
Consequently, aggressive military activities in space are not >:rm1tted, but 
the use of space for defensive purposes is not inhibited. 

c^'nnpction with the analysis of Article 1(1,. in Section 4.2.1 above, 
it was suggested that international law would not prohibit the operator of a 
satellite power system from engaging in economic competition with otner 
er.ergi'-produci ng co-:ntries or from using the ava' lability of power •*^rom the 
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systea to exert econoiiiic pressure on energy-consunlng countries as a aeans 

of political persuasion. Construction of Article 2(4) of the Charter liait* 

ing its prohibition to the use of arajd force is a significant part of the 

un<terpinnir«gs of that propositi(Hi. The conclusion that econoaic pressure is 
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not prohibited under Article 2(4) is supported by significant authority. 

In addition, that ronc.asion is consistent with prevailing general interna- 
tional law.^^ As a result, the systea operator need not be concerned that 
any selection of the consiaiers of the systea's products contravenes existing 
international law. 

4-2.4 Article IV 

Article I¥ of the Outer Space Treaty provides in part: 

States Parties to tne Treaty undertake not to place in orbit 
around the Earth any objects carrying nuclear weapons or any other 
kinds of weapons of aass destruction, install such weapons on ce- 
lestial bodies, or station such weapons in outer space in any other 
manner. 

...The use of military personnel for scientific research or for 
any other peaceful purposes shall not be prohibited 

The language of Article IV raises two main issues: 

1. The iiq>licatioris for satellite power systems of the Article IV pro- 
hibition against the stationing of weapons of mass destruction in 
orbit 

2. The impact of Article IV on plans to establish military facilities 
in orbit for the protection of a satellite power system from attack 

The latter issue forms the primary subject matter of Section 4.4 below and 

will be examined in detail there. 

In Section 4.2.1 above, analysis of Article IV in the context of the 
concept of the exclusive use of outer space for peaceful purposes suggested, 
among others, the conclusion tr._t Article 1(1} and IV(1) implicitly authorize 
the establisnmer ' .ilitaiy installations and weapons systen in outer space 
but not Oi^ the celestial bodies—which are exclusively defensive in nature. 
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provided tliey <io not contain nuclear weapons or other weapons of mss destruc- 
tion. Because of the nature of the transwission beM. the arguaent My be 
Mde that the establistaent of a satellite power ^ystMi potentially consti> 
tutes the stationing of a weapor of mss destruction in outer spe^A viola- 
tion of Article IV. The systew operator can correctly respond that the systen 
is designed not as a weapon but as a utilitarian device for the efficient use 
c* solar resources . All the present designs incorporate a series of safety de- 
vices to teniinate transaission of power when the transmission bean moves out- 
side the intended reception area.^^ Although the selection of a laser trans- 
trfssion beam could constitute a safety hazard, the tendency among designers is 

jn 

toward the use cf a microwave beam, which is considered less dangerous. 
Nonetheless, the potential harm from a microwave beam should not be 
underestimated. 

4.2.5 Article VI ^ 

A'ticle VI, which establishes the foundations for international respon- 
sibility for activities in outer space, provides: 

States Parties to the Treaty shall bear international responsibil- 
ity for national activities in outer space, including the moon and other 
celestial bodies, whether such activities are carried on by g&verar^ntal 
agencies or by non-govemraental entities, and for assuring that national 
activities are carried out in confornity with the previsions set forth 
in the present Treaty. The activities of non-governmental entities in 
outer space, including the moon and otter celestial bodies, shall re- 
quire authorization and continuing supervision by the State concerned. 

When activities are carried on in outer space, including the moon and 
otter celestial bodies, by an international organization, responsibility 
for co»npliance with this Treaty shall be borne both by the international 
organization and by the States Parties to the Treaty participating in 
such organization. 

Thus, each jtate which is a party to the treaty is charged with the obliga- 
tion, first, to ensure that the activities of its nationals coolly with the 
provisions of the treaty, a«.d second, to accept responsibility of those ac- 
tivities which contravene applicable provisions. In this manner, states are 


76 



unable to avoid the <hity of coapllance through the use of institutional con- 

78 

fl^ratlons uhlch do not Involve eleaents of the national govemuent. 
Consequently, the responsibility of each state's govemaent Is r^t affected 
by the juridical character of the entity actually operating the satellite 
power systea. 

A state's duty to supervise the activities of Its nationals /or practl- 
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cal purposes probably prohibits unregulated, purely private undertakings. 
Article VIII of the Outer Space Treaty reinforces the obligation by requiring 
the state umter whose registry an object is .munched Into cuter space to re- 
tain control and jurisdiction. In light of u*e potentially hazartknis char- 
acter of satellite power generation, the policy cons1<terat1<ms underlying 

30 

Article VI suggests the need for relatively strict supervision. The 

provisions of Article VII and the Convention on International Liability for 
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Damage Caused by Space Objects, which impose liability on the launching 
state for damage resulting from space activity, are likely to give rise to 
practical and foreign policy considerations which create pressure upon na- 
tional governments to exercise the supervision necessary to ensure protection 
against the potential hazards of orbital power generation. 

Although governments are required to ensure conq>liance of their respec- 
tive nationals with appropriate provisions of the treaty. Article VI does 
not have the effect of subjecting nongove rvnental entities to provisions 
which would otherwise not apply to them. For example, as suggested above in 
Section 4.1.1, Article II does not apply either to private sector entities 
or to international organizations. Although terms of Article VI require 
states parties to the treaty to ensure compliance of their nationals with 
its provisions. Article VI does rot extend the prohibition against appropri- 
ation to entities which are not covered by the terms of Article II. 
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4.2.6 Article VII 


Article VII. Mhich eabodles the fundaaental principles governing 1ia> 

bility for danger arising fron space activities, provides; 

Each State Party to the Treaty that launches or procures the launch- 
ing of an object into outer space, includif^ the noon anH other celestial 
bodies, and each State Party from whose territory or facility an object 
is launched, is internationally liable for damage to another State Party 
to the Treaty or its natural or juridical persons by such object or its 
component parts on the Earth, in air space or in outer space, including 
the moon and other celestial bodies. 

Because of the wide range of potential environmental and other injuries which 
could result from the operation of a satellite power system, the question of 
liability is particularly significant. Potential injuries include: 

1. Damage to body tissue of humans and wildlife exposed to the trans- 
mission bem 

2. Radio frequency interference 

3. Interference with electronic instrumentation, especially for medi- 
cal, navigation and explosives detonation purposes 

4. Environmental modification, including weather and climate altera- 
tion, resulting from increased heat generation and interaction of 
the transmission beam and launch vehicle exhausts with the upper 
atmosphere and ionosphere.^ 

If injury results from the operation of a satellite power system, the injured 
party is entitled to redress under .rticle VII. Under its terms, the state 
which procured the launch of the vehicle causing the injury and the state 
which launched the space object are internationally liable to the entity ac- 
tually injured, or to its national government. The language of Article VII 
raises two main issues: 

1. The meaning of the word "damage" 
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2. The meaning of the phrase "internationally liable." 

The broad principles of Article VII were implemented in the Convention 
for Liability for Damage Caused by Space Objects. T/ie term "damage" is de- 
fined in Article 1(a) of the Convention to mean 


78 



loss of life, personal injury or other impairment of health; or loss of 
or damage to property of States or of persons, natural or juridical, or 
property of international inter>govemmental organizations.... 

The language of that provision leaves open to question whether it covers con- 
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sequential or nonphysical damage. Since three of the four damage categories 
listed above are either consequential or nonphysical in nature, the ambiguity 
is significant for potential operators of satellite power system. 

If the injury incurred fasls within the definition of "damage," the type 
of liability imposed is based on the location at which the injury occurred. 

If a space object caused damage on the surface of the Earth or to an air- 
craft in flight. Article II provides that the "launching State shall be 
absolutely liable to pay compensation" for the damage. In that case no proof 

of negligence is required and the launching state is liable even ttiough it is 
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able to demonstrate that it cjmplied with all applicable standards of care. 
Thus, if a solar power satellite transmission beam injures a person on the 
Earth's surface or while traveling in an aircraft, the launching state would 
oe liable to pay compensation upon demonstration 
1. That the Injury occurred 

c. That it resulted from the operation of the satellite power system. 
However, liability may be avoided by establishing that "the damage has resul- 
ted either wholly or partially from gross negligence or from an act of omis- 
sion done with intent to cause damage on the part of the claimant State or 
of natural or juridical persons it represents," provided in Article VI(1). 
In contrast, if damage is suffered in outer space, the launching state is 
liable to compensate the injured party under the terms of Article III only 

upon a demonstration of fault of the launching state or of persons for whom 
86 

it is liable. In both bases, the measure of damages Is determined under 
Article XII, which nrovides that when compensation is granted under the con- 
vention, the amount 
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shall be (*^tenr'ned in accordance with international law and the prin- 
cioie*: ui .us:.ice and equity in order to provide such reparation... as 
will .es'orc the person, natural or juridical. State or international 
organization on whose behalf the claim is presented to the condition 
which could have existed if the damage had not occurred. 

The provisions of Article VII of the Otter Space Treaty and of the Con- 
vention on Liability for Damage Caused by Space Objects are likely to affect 
the interests of the operator of a satellite power system in two ways. First, 
if the system is damaged through the acts of the nationals of a foreign 
government, the foundation is laid for the indemnification of all losses 
falling within the definition of "damages.** However, since the extent of 
coverage is in question, effective means for preventing damage to the system 
should be found. Second, if the system causes damage, the state of registry 
would be liable for those injuries which occur within the jurisdiction of or 
to the nationals of other governments. Nationals of the state of registry 
would be entitled to pursue remedies in the courts of that state. Conse- 
quently, the exercise of all due care in operations in outer space, and de- 
sign and operation in a manner likely to minimize any risk of damage, are 
considered essential if only from this point of view. 

4.2.7 Article VIII 

Article VIII of the Outer Space Treaty, pertaining to the ownership and 
control of objects in outer space provides: 

A State Party to the Treaty on whose registry an object launched 
into outer space .s carried shall retain jurisdiction and control over 
such object, and over any personnel therefor, while in outer space or 
on a celestial body. Ownership of objects launched into outer space, 
incli'ding objects landed or constructed on a celestial body, and of 
their component parts, is not affected by their presence in outer space 
or on a celestial body or by their return to the Earth. Such objects 
or component parts found beyond the limits of the State Party to the 
Treaty on whose registry they are carried shall be returned to that 
State, which shall, upon request, furnish identifying data prior to 
their return. 
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The first senlmce assists Inplementatlon of the provisions of Articles VI 
and VII relating to International responsibility and liability for activities 
In outer space, particularly over nationals operating In nongovernmental capa- 
cities. 

The second sentence Is considered extremely Important to operational 
Implementation of solar power satellite technology. By protecting the rights 
of ownership as established in accordance with traditional international law. 
Article VIII provides the basis for Industrialization of outer space under 
both commercial and national governmental organizational structures. As sug- 
gested below In Section 4.3, the capital Investment necessary to develop, 
establish and operate a satellite power system would be deterred or con^letely 
prevented If rights of ownership are not protected. 

4.2.8 Article IX 

As noted in Section 4. 1.1 (3) above. Article IX plays an important role 

87 

in the management of the geostationary orbit. The same provision has equal 

impact on the use of outer space for the purpose of satellite power genera- 
tion. The key provision of Article IX requires states to "conduct all their 
activities in outer space..., with due regard to the corresponding interests 

of all other States Parties to the Treaty." The remaining three sentences 
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implement the "due regard" requirement. 

The second sentence, which requires states parties to the treaty to con- 
duct activities in outer space so as to avoid both harmful contamination of 
outer space and adverse changes in the earth's environment resulting from 
the introduction of extraterrestrial matter, could limit operation of satel- 
lite power systems if liberally construed. On it. face, the second sentence 
is limited to environmental hazards potentially created by extraterrestrial 
matter brought within the Earth's biosphere. .Ithough the distinction between 
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matter and energy Is not yet precisely defined for these purposes, the 
passage of the satellite power system transmission beam through the Earth's 
atmosphere may be judged to fall outside the category of matter. If so, the 
second sentence appears not to limit the operation of such a system. 

However, the combination of the first two sentences may have the effect 
of extending the prohibition to the introduction of any physical phenomenon 
which could adversely affect the Earth's environment. The first sentence im- 
plicitly incorporates, at least conceptually, the requirement of Article 1(1) 

that outer space be used "for the benefit and in the interest of all coun- 
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tries." To the extent the two provisions are coextensive, the first sen- 
tence would require space powers to conduct their space activities in a 
manner which does not prejudice the "corresponding" interests of nonpartici- 
pants. The definition of the term "corresponding" is not clarified, but 
presumably encompasses both space and terrestrial interests likely to be 

affected by space activities, in a manner comparable to the "common interests" 
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clause of Article 1(1). Consequently, Article IX requires that consiJera- 
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ticn be given to the elimination of the adverse effects listed above, 
especially to the extent they affect the interests of states other than the 
state conducting the activity in question. 

The third and fourth sentences establish a minimum standard for "due 
c'^nsideration." If the state undertaking tho activity has reason to believe 
that activities planned by it^ na ionals are likely to cause harmful inter- 
ference with the activities of other states parties to the treaty, it is 
obligated tc "undertake appropriate international consultations" with the 
affected stf'.es prior to ...iplementati ir of its plans. Similarly, if one 
party he , reason to believe that the activ 'ies of another party would can've 
potentially harmful interference with activities relating to the exploration 
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and use of outer space, the former may request such consul tationSt even if 
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its OMn activities Mould not be adversely affected. The consultation 
provisions raise three key issues: 

1. When does a party have sufficient "reason to believe” that harmful 
interference would result from the planned activities? 

2. What constitutes harmful interference? 

3. What are the characteristics of "appropriate international consul- 
tations"? 

Under the language of the third sentence of Article IX, the obligation 
of a state planning to engage in space activity becomes operative when it has 
"reason to believe" that execution of plans would cause harmful interference 
with the activities of other states in outer space. Thus, the determination 
that the obligation has become operative is solely within the discretion of 
the launching state. If it lacks sufficient information relating either to 
interference factors or to the plans of existing space activities of other 
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states, the launching state is authorized to proceed without consultation. 

The scope of this discretion may be limited, however, by communications from 
states whose space activities would be adversely affected or from third states 
to the launching states informing the latter of potential interference and 
requesting consultations as provided in the fourth sentence of Article IX. 

Article IX does not provide a clear standard for determining when the 
activities of one state "could cause potentially harmful interference" with 
the activities of another. The language of the third sentence suggests that 
only interference with the space activities, as distinguished from the earth- 
bound activities, of another state are relevant; however, since a large pro- 
portion of space activity necessarily involves support activities on the 
Earth's surface, interference with those also gives rise to the consultative 
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obligation of Article IX. ‘ Further, Interference can only occur with re- 
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spect to activities which constitute “peaceful uses of outer space." 

Presianably, the term "interference" is used In its ordinary meaning to 

signify conflicting uses resulting In obstruction, creation of significant 

hazards or significantly diminishing the efficiency of space activities. 

The characteristics of "appropriate International consultations" are 

left undefined. From the context, the term "consultation" refers to the 

joint examination— Including the exchange of relevant Information— of the 

proposed activities and the probable consequences for each consulting par- 

ty‘s Interests. Since the term "consultation" was selected by the 

drafters of Article IX, the parties are obliged only to make a good faith 

effort to conduct the joint examination with a view to reaching satisfactory 

resolution of conflicts among the consulting states. However, Article IX 
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imposes no obligation to achieve reconciliation. Although the form or 

forum of consultation is not significant, the consultation must involve 

either diplomatic or scientific elements of the affected governments. As 

emphasized by the use of the word "international," the duty to consult is 

primarily bilateral in nature although consultation under the auspices of 

98 

an intergoverror ntal organization is not precluded. The suggestion that 

A'-ticle IX consultation must include all parties to the Outer Space Treaty 

99 

cannot oe supported. 

Thus, Article IX would require satellite power system operators to con- 
duct power generation activities with due regard at least to the space activ- 
ities of other states. Although that requirement is likely to affect most 
directly the use of the geostationary orbit, it Imposes a duty to remain 
alert to the possibility of adversely affecting tne space interests of other 
states. In those cases where adverse consequences are likely, the operator 
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is required to consult in good faith with the affected parties, with a view 
to the elimination of those consequences. However, Article IX does not im- 
pose an obligation to accept unnecessary restrictions on the operation of a 
satellite power syston. 

4.3 Legal Status of Private Sector Operation of Satellite Power Systems 

One of the key questions raised by the development of innovative appli- 
cations of satellite technology is the allocation of responsibility for 
operational implementation, first, between national and international enti- 
ties, and second, between public and private sector entities. Policy debates 
regarding organizational configurations have had a significant impact on the 
pace and direction of the development of operational space capabilities, par- 
ticularly in the area of communications satellites.^^^ At present, th? ques- 
tion of institutional arrangements for the development and use of an 
operational earth resources satellite system are proceeding in parallel paths 
in the federal government^ and in the United Nations.^^^ 

In both areas, the possibility that the private sector should be encour- 
aged to assume primary responsibility was discussed. The same possibility 
exists for the implementation of solar power satellite technology. Two main 
organizational options for establishment of a United States private sector 
system could be considered: 

1. Regulated private enterprise based on traditional corporate struc- 
tures 

2. Federal corporation chartered by Congress, similar to the Communi- 
cations Satellite Corporation. 1^3 

Since financial, fiscal, efficiency and foreign policy considerations may 
lead to selection of one of these private sector options for operation of 
a satellite power system, the status of private sector initiatives under 
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existing space law could materially affect the exte; t to which such systems 
are utilized to satisfy national and International energy requirements. 

The discussions of International space law principles governing both 
the use of the geostationary orbit and the use of outer space for the spe- 
cific purpose of solar power generation, set forth In Sections 4.1 and 4.2 
above, expressly or Implicitly establish a series of four principles rela- 
ting to private sector Initiatives In outer space: 

1. Private sector activity In outer space Is permitted under existing 
International law 

2. Private sector activity In outer space Is subject to the provisions 
of the Outer Space Treaty 

3. Private sector activity Is subject to the exercise of jurisdiction 
by certain national governments 

4. Each state party to the Outer Space Treaty Is responsible for the 
acts of its nationals. 

Each of these conclusions 1s discussed more fully below. 

4.3.1 Permissibility of Private Sector Activity in Outer Space 

Under existing international law, private sector undertakings in outer 
space are implicitly authorized under the terms of both the Outer Space 
Treaty and the Convention in Liability for Damage Caused by Space Objects. 

As noted in Section 4.2.5, Article VI of the former imposed international 
responsibility on states party to the treaty for the activities of its na- 
tionals in outer space "whether such activities are carried on by oovernment 

agencies or by non-governmental entities ' Similarly, Article VII imposes 

international liability on any state party for injuries caused by its space 
objects to the natural or juridical persons of another party not only on 
Earth but in outer space as well. Both provisions clearly contemplate the 
possibility that non-govcrrir.ental--including private sector--entities may 
conduct activities in n-.cer space. In addition. Articles IV(1), VIII(l) 
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and XI, among others of the Convention on Liability, refer to injury to 
"national or juridical persons" of a state. In legal literature, the term 
"juridical person" is often used to refer to corporations and other lawfully 
consti .U' ! commefcial organizations. 

Further evidence supporting the proposition that private sector activity 
in outer space is permitted e;(isting international law may be found in 

the debates of the United Nations Committee on the Peaceful Uses of Outer 
Space relating to international principles tc govern the use of direct broad- 
cast and earth resources satellites. During the direct broadcast debates, 
the Soviet Union ied an effort to incorporate into the appropriate interna- 
tional policy structures a provision limiting direct broadcast either to 

government agencies or to entities under the direct supervision of the 
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government. The character of the supporting arguments suggests that the 
proposed limitation would be more reitrictive vha<i required by the termis of 
Article VI of the Outer Space Treaty. 

Arjentina and Brazil have advocated the restriction of p>^ivate sector 

activities in the area of satellite remote sensing. In a draft treaty, 

those (jovernments proposed to prohibit states parties from botii c*" ying 

to and receiving from private entHies information obtained through remote 

sensing relating to the natural resources of another state party in the ab- 
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sence of the latter's express consent. The direct purpose is tc apply 
the proposed prior consent regime to all potential actors, thus implicitly 
recognizing that under existing international space law private entities may 
be involved in the acquisition, reception, processing and distribution of 
remote -sensing data. Attempts in both the direct broadcasting and satellite 
remote- sensing debates to limit private sector activities, without referring 
to existing principles allegedly dictating such limitations, makes clear 
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tiiat existing spm Itn faplicitly pemlts private sector activity in outer 
space. 

4.3.2 Applicability of the Provisions of the Outer Space Treaty to 
Private Sector Activities 

As suggested in Section 4.2.5 above. Article V! expressly iaposes on 
parties to the treaty the duty to ensure coepliance of national, nongovem- 
aental entities with the provisions of the treaty. Consequently, private 
sector entities are both entitled to the "free use of outer space" and sub- 
^t to the liaitations iwposed by the treaty, for exawple, the Article IX 
duty to avoid introducing extraterrestrial aatter into the Earth's biosphere 
if that is likely to cause adverse changes in the Earth's environnent. How- 
ever, those provisions which by their teras apply only to states, inclixiing 
the Article II prohibition against the appropriation of outer space, are 
not extenctod to the private sector through Article VI. 

4.3.3 National Jurisdiction Over Private Sector Activities 

National govemoents are likely to exercise relatively strict control 

over private sector activities in outer space, first, because they are re- 
quired to do so by provisions of the Outer Space Treaty, and second, because 
the Convention on Liability for Damage Caused by Space Objects imposes lia- 
bility on states for certain private sector activities in outer space. 

Article VI of the Outer Space Treaty requires states parties to exer- 
cise control over the activities of their respective nationals for the pur- 
pose of ensuring compliance with the treaty's provisions. In addition. 
Article VIII requires a state party to retain jurisdiction and control over 
any space object launched under its reui.>try and its crew, regardless of 
the crew's nationality. Thus, the activities of a space vehicle launched 



and registered In one state, chartered by a corporation of a second state 
and Manned by a crew froM a third state could conceivably oe subject to the 
cmtrol of all tiree gover w a cn ts. 

As noted In Section 4.2.6 above, under Article VII of the 0*!ter Space 
Treaty and the provisions of the Convention on Liability for Damge Caused 
by Space ejects, the states which laimch or procure the launching of a 
space vehicle are object to Intematicmal liability for (Unage caused by 
the space vehicle. Since no Unit Is lapsed on the Measure of dwages 
awarded under the cemventlcm, creating the possibility of substantial lia- 
bility on the part of the launching states as well as tte resultant douestlc 
and foreign political consequences, those states are likely to establish 
relatively strict regulations relating the structural, safety and operating 
procedures as a means of preventing the occurrence of damage covered by the 
terms of the convention. 

In addition to regulation for the purposes of ensuring compliance with 
the requirements cf the Outer Space Treaty and avoiding International lia- 
bility for damage resulting from space activities, states are likely to ex- 
tend their respective legal regimes Into outer space for the purpose of 
taxation, enforcing national laws relating to patents, copyrights, antitrust 
and unfair trade practices. In light of the likelihood that outer space 
will be developed through the establishment of satellite power systems and 
space manufacturing facilities, and the common interests of states in regu- 
lating such operations, appropriate multilateral agreements pertaining to 
private sector operations In outer space should be anticipated. 
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4.3.4 Liability of States for the National Private Sector Activities 

Article VII of the Outer Space Treaty and the provisions of the Conven- 
tion on Liability iRMXise liability on states for damage caused by their 
respective nationals. Since claims for compensation for damage sustained by 
the nationals of one country as the result of the commercial activities of 
the nationals of another country are likely to be pursued using the diplo- 
matic procedures established In the Convention on Liability, the launching 
state rather than the private sector entity Mould be directly liable. How- 
ever, this protection from liability Is likely to be limited In three ways. 
First, the government Is likely to establish procedures for recovering 
amounts paid to foreign claimant from the entity actually responsible for 
the damage. The main options are Incorporation of appropriate procedures 
either into the regulatory framework or Into the jurisdictional statutes of 
national courts. Second, although nationals of the launching state are ex- 
cluded from coverage by the convention by Article VI I (a), they would be en- 
titled to pursue appropriate remedies directly against the operating entity 
In national courts of competent jurisdiction. Finally, the right of nation- 
als of other states to seek relief In the courts of the launching state Is 
expressly preserved in Article XI(2) of the Convention on Liability. All 
three circumstances suggest that commercial satellite power systems are 
likely to be subject to normal liability for damage caused by their opera- 
tion. 

The four principles discussed above indicate that existing International 
space law does not present any unusual Impediments to the establishment of a 
commercial satellite power system. In particular, under existing legal prin- 
ciples, private sector Initiatives are not prohibited by the Outer Space 
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Treaty, but would be subject to its provisions. Both the launching state and 
the states in which the organization establishing the system is chartered 
would be entitled to exercise control over it. The level of regulation is 
likely to be relatively high due both to the obligation of those states to 
ensure compliance with the provisions of the Outer Space Treaty and to the 
provisions for liability for damage resulting from the operation of a satel- 
lite power system by their respective nationals. Finally, although the pro- 
visions of the Convention on Liability would shield commercial enterprises 
from direct international liability, the option of national governments to 
seek indemnification from the operating entity for damages paid in compensa- 
tion for injuries resulting from operation of the system, as well as the 
option for injured parties to seek relief from the system operator through 
the courts of the launching state, indicate that standard concepts of lia- 
bility apply. These conclusions indicate the need for national and interna- 
tional policy analyses to parallel technical and econonic studies as a means 
of ensuring that as technical and economic viability is achieved, the capa- 
bility is also developed to create conditions for optimum combinations of 
incentives and regulatory safeguards are brought into existence. The imoor- 
tance of formulating appropriate policies on the national and international 
levels must be emphasized. 

4.4 L egal Status o f Orb ital Melons Systems for the Protection of Satellite 

Power Systems 

Once established, a satellite power system in geostationary orbit could 
present a desirable target for military or terrorist action. The importance 
of a high-capacity power system to a nation's economic, political and 
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military potential suggests that destruction of the system would be 
assigned a high priority In time of military or political conflict. An 
attack on the system could create significant social and political Intact. 

In theory. Article VII of the Outer Space Treaty and the procedure es- 
tablished In the Convention on Liability for Damage Caused by Space Objects 
would provide remedies for any dan»ge except that caused by actions taken 
against the system not involving a space object. A laser attack originating 
from a terrestrial Installation Is a possible example. However, the proce- 
dures established by treaty are not likely to be effective, especially in 
cases of deliberate destruction. First, extensive delays must be anticipa- 
ted prior to resuny>t1on of service, with obvious consequences for the launch- 
ing state's economic stability. Second, since diplomatic claims settlement 
procedu;es are involved, full recovery of damages specified in Article XII 
of the Convention on Liability is not likely, first, because damage claims 
are often discounted, and second, because few countries have the economic 
capacity to repay the cost of establishing a satellite power system. Third, 
a successful attack could create potential hazards from debris in space and 
from transmission beam spillover on the Earth's surface. 

In light of the foregoing considerations, some means of military pro- 
tection may be desirable. Terrestrial weapons systems are likely to be 
limited in their ability to defend solar power satellites against attack 
either from outer space or from the Earth. Hence, some form of defensive 
weapons system stationed in space in a position to protect the satellite 
power system may appear appropriate. 
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In Section 4.2.1, an analysis of Article 1(1) and IV and the concept 
that outer space should be used exclusively for peaceful purposes led to two 
nain conclusions: 

1. The stationing of nuclear and other weapons of mass destruction 
In outer space Is prohibited. 

2. Military activity in outer space.^ not prohibited If it Is defen- 
sive or nonaggressive In nature.*'* 

The same principles apply to the establishment of an orbital weapons system 
for the protection of the space segnent of a satellite power system. In 
principle. Articles 1(1), III and IV do not prohibit the establishment of 
such a weapons system, provided it does not Incorporate weapons of mass de- 
struction or require the use of Installations on the moon or other celestial 
bodies. 

Some difficulties could arise, however, if a protective system were in- 
corporated which purported to be defensive in nature but which could be 
trained on Earth or other celestial bodies, or upon large space objects and 
used for aggressive as well as defensive purposes. Although it could be 
argued that in the era of modern warfare, such flexibility is necessary to 
ensure national security, the dual purpose approach would undermine the 
rationale for omitting defensive weapons system from the prohibitions of 
Article IV. As a result, such systems must be considered unlawful to the 
extent that they are capable of inflicting mass destruction. 

4.5 Conclusions on Existing Space Rights 

The foregoing analyses suggest that while the existing principles of 
international space law do not on their face represent significant impedi- 
ments to the establishment and operation of satellite ^ower systems in geo- 
stationary orbit, in many cases clarification of ambiguities of existing 
law could promote creation of conditions favorable to such initiatives. 
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4.5.1 Legal Aspects of the Use of the Geostationary Orbit 

Articles I, II and IX of the Outer Space Treaty pose no obstacle to the 
use of the geostationary orbit by satellite power systems. The most signifi- 
cant potential problem in this area is based on the trend toward crowding in 
segments of the orbit which would be useful for satellite power systems. 

The roost significant activity relating to the management of the orbit is oc- 
curring under the auspices of the ITU. To date* the ITU has not examined 
the potential frequency and orbital requirements of satellite power systems. 
However, in light of their projected contribution to the satisfaction of 
global energy needs, such systems should be Included in the ITU planning 
process. 

Although the ITU is presently the primary forum for consideration of 
orbital management issues, the range of potential noncommunications applica- 
tions requiring utilization of the geostationary orbit indicates, that the 
problem of orbital management could be shifted to another forum with a 
broader mandate. In that manner, a more comprehensive approach, potentially 
leading to the conclusion of an international agreement, could be undertaken 
as a means of ensuring availability of orbital slots for all potential uses 
compatible with the purposes of the Outer Space Treaty. This broader ap- 
proach could be particularly valuable when use of the orbit increases 
sharply enough that the establishment of priorities among potential uses 
becomes unavoidable. 

4.5.2 Impact of the Outer Space Treaty on Satellite Power Systems 

The provisions of the 1967 Outer Space Treaty provide the general frame- 
work for all activity in outer space, including the conversion of solar 
energy into electrical power. In its present form, the treaty would not 
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Interfert with the establishment and operation of a satellite power system. 
However, the foregoing conclusion is tempered by two considerations. First* 
although the Outer Space Treaty would not inhibit satellite power initiatives. 
It does not take any affirmative steps to create conditions favorable to such 
Initiatives. Because of the extremely large investment in research, develop- 
ment and demonstration of the technology, as well as construction of opera- 
tional solar power satellites and appropriate ground terminals, effective 
incentives are likely to be essential to full realization of the benefits of 
satellite power systems. The optimum combinations of incentives should be 
given careful national and international consideration as energy demand in- 
creases and the technology evolves. 

The second limiting consideration is the fact that the conclusion stated 
above is based on constructions of Article I idtich would avoid restrictive 
impact on space initiatives. In this regard interpretation of the "common 
interests" clause in a manner which would not require a system operator 
either to permit foreign participation in the system or require the system 
operator to distribute a portion of its earnings among the less developed 
countries is particularly important. Although that interpretation is favored 
under existing international space law, trends in the debates of the Commit- 
tee on the Peaceful Uses of Outer Space and its subconmittees, as well as 
the controversy regarding interpretation of Article I, suggest that pressure 
from nonspace powers could alter the existing balance of international legal 
opinion. This possibility suggests the existence of an International polit- 
ical basis for Initiatives in the United Nations and elsewhere to impose 
restrictive limits on the use of solar p;^wer satellites. To the extent that 
public and private sector planners are compelled to base the decision to 



construct a satellite poMer system on the provisions of the Outer Space 
Treaty* the uncertainty of interpretation may exert an inhibitinci influence. 

For those reasons* the decision of the Committee on tiie Peaceful Uses 
of Outer Space (CPUOS) to add orbital (K>Mer generation to the agenda of the 
fourteenth session of its Scientific and Technical Sub-Committee must be con- 
sidered a significant development. After initial considerations there* the 
probability that the subject will be added to the agenda of the Legal Sub- 
committee for the 1978 session is increased. Consequently, CPUOS is likely 
to give extensive consideration to the technical and legal aspects of satel- 
lite power generation. This development will result in timely consideration. 
In specific subject areas* especially' direct broadcast and earth resources 
satellite regulations* CPUOS has— as ?. result of substantial deliberations— 
made scxne progress in relatively uncontroversial areas* but has not yet taken 
significant steps toward the resolution of the key issue of prior consent in 
either area. Parallel developments with respect to solar power satellites 
could mean protracted debates. In light of these potential consequences, 
consideration should be given to the possibility that the international 
aspects of satellite power generation could be considered more advantageously 
in another forum. 

4.5.3 Legal Status of Private Sector Satellite Power Systems 

The provisions of the Outer Space Treaty provide a foundation for pri- 
vate sector initiatives with respect to satellite power generation. In par- 
ticular* the treaty implicitly authorizes commercial space activities, 
subject to compliance with applicable provisions of the treaty under the 
supervision of the national governments specified in Article VI. Once a 
private sector system is established, vhe supervising governments ay'e liable 


96 



for any damage caused, as provided In the Convention on Liability for Damage 
Caused by Space Objects. The li^sltlon of international liability on super- 
vising governments Is likely to result In the Imposition of relatively strict 
national controls. 

Although this foundation has been established, a number of questions 
remain unresolved. First, the status of attempts to preclude private sector 
participation In the operational Implementation of space technology should 
be monitored, and the desirability of such participation as a matter of na- 
tional and International policy should be carefully considered. Second, a 
number of practical aspects regarding application of the Convention on Lia- 
bility should be clarified. Particularly Important Is the need to develop 
effective means of national regulatory control over activities carried out 
by space vehicles. Even more difficult Is the problem of providing the 
launching state with the means to control the activities carried cut by a 
spacecraft which it has launched but which is registered in another state. 
Problems potentially arising from conflicts In jurisdiction and control 
snould be examined. Further, the Impact of the liability framework estab- 
lished by the convention should be tested to ascertain whether reall2ation 
of tangible benefits Is promoted or Impeded. Finally, the regulatory and 
other policy Implications of commercial satellite power generation Initia- 
tives by multinational corporations should be assessed in order to permit 
formulation of appropriate national and international regulatory response. 

As solar power satel ite technology progresses through experimental and 
demonstration phases, the need for further elaboration of existing space 
law to ci«ate optimum conditions for the establishment of commercial solar 
power systems should be fully examined. 
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4.5.4 Legality of Orbital Weapons Systems for the Protection of Satel- 
lite Power Systems 

Interpretation of Articles I and IV leads to the conclusion that the 
establishment of orbital weapons systems for the purpose of protecting satel- 
lite power systems against attack Is permitted, provided they do not Incor- 
porate weapons capable of aggressive use on a massive scale. However, In 
light of the possibility that launching states may establish orbital mili- 
tary Installations as a means of protecting large-scale structures In space. 
Including solar power satellites, alternative means of balancing the need 
for protection against the desire to minimize militarization of outer space 
should be assessed. 

Thus, although international space provides a substantial basis for 
the establishment and operation of satellite power systems, a number of 
shortcomings represent potential obstacles. Consequently, In order to en- 
sure that legal and policy development on both the national and International 
levels keeps pace with the technical program, a series of examinations of 
various legal and policy aspects of satellite power systems should be under- 
taken In the near future. Increasing demand and Increasing cost of energy 
from traditional sources emphasize the need for careful examination nf in- 
novative applications of technology to meet global energy requirements. 

The history of the utilization of outer space for the benefit of mankind has 
clearly Indicated the need for careful planning on both the technical and 
policy levels to ensure optimum development of technology and maximum reali- 
zation of benefits. As satellite power systems come closer to reality, 
these lessons ought not to be forgotten. 
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4.6 Trends In Space Rights 

SPS Is a system which wnuld not be operational for quite a while, per- 
haps two to three decades, and with Its major period of Implementation occur* 
ring perhaps over the period 2000 to 2050. What should be of concern, there- 
fore. Is not so iiHiCh the current Interpretations of existing texts, but the 
trends In doctrine and Interpretation— as clues to what "International law" 
on this subject might look like 20 years from now. We are Interested as much 
In the World Administrative Radio Conference of 1989, and 19^ , as we are In 
the WARC that Is just around the corner. In 1979. 

The need to peer farther Into the future Is reinforced by the observation 
that the existing doctrine, and the treatie'; and resolutions that reflect it, 
are essentially the work of lawyers for the Industrially adva*.ced countries . 
especially the two major space powers . The latecomers to tne game of Inter- 
national politics have already shown that they do not ^&el bound by laws and 
concepts which they did not participate in creatine. In International busi- 
ness, contracts are obviously not as sacred as thay were once thought to be. 

The sluggish progress of the "North-South dialogue" does not suggest 
that revolutionary change is in the wind. But compared to 20 years ago, 
some very large doctrinal changes have come about in international law and 
the practice of international institutions. Twenty years from now, much of 
the detailed argumentation presented above will seem arcane and academic. 

At least seven trends are currently visible to the naked analytical 
eye. Together they suggest the political and legal climate in whicn Space 
Power Systems would have to be born, and survive infancy. 
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4.6.1 Fairness and Equity 

Until recently, the measure of success in national development was 
growth, as measured by a rising 6NP. Now a global fairness revolution has 
brought equity considerations up alongside growth as a factor in develooment 
strategy and international econtnnic relations. In international institutions 
as disparate as the International Monetary Fund and the proposed seabed- 
mining enterprise, the doctrine is that international operatio n s should, in 
effect, make disproportionate profits for the poo r er nations . The same Is 
true of discussions about a "common fund" for commodity stabilization, of 
negotiations for changes in the rules of trade, and of proposals for diverting 
to develop' ng nations the savings from arms reduction. 

The fairness revolution has also begun to relate international economic 
cooperation and development assistance to the meeting of basic human needs 
inside countries. In other words, the earlier notion that poor count ries 
should be helped because they are poor 1« already being elbowed aside by 
the doctrine that the object of national development strategies and suppor- 
tive international action should be poor people . 

Space rights, ar they affect an SPS, are likely to rest not so much on 
past treaties as on future bargains that ci^ate obligations to act more 
positively "for the benefit and ir the interests of all countries. Irrespective 
of their degree of economic or scientific development" (Outer Space Treaty, 
Article I), 

4.6.2 "Freedom" 

Traditional "freedoms "--of the seas, of coniTiuni cations, of travel, of 
investment, of trade, of scientific research--have been eroded by nonobser- 
vance of previously accepted norms of behavior by newcomers to the behavior 
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{Mttern. The older wrohfrT of tkt IntemitloMl coMunity have been 

grednally acooanodating to toe conplalnts of toe nc w co a g rs: toe oi«it1aers 

$ 

have SMBlIoned a great deal of expropriation. «i oil cartel, toe principle 
that trade disciininatlon Is 9 c:nI If it favors the poor, the creation of 
econoalc zones far out Into "1nte«'nat1ona1 naters" (on that, the United 
States folloned the charlsnatic leadership of Peru and Ecuador), and sterner 
regulation of Multinational corporations based In the Industrial nations. 

FroB the point of view of the nc w c o t rs — and they are Increasingly Making 
their point of view effective — the earlier "freedoMS" were grants of rights 
without obligations to nations with the technological conpetence to exploit 
the f rccd oM. The Market was always rigged; the n c w co w c rs are not objecting 
to a rigged Market, but Merely Insisting that It be rerigged In their favor 
to achieve a More equitable balance. 

The present reglne in outer space was created by analogy to "freedOB of 
the seas.” But the oceans will sooner or later be o«^an1zed and regulated by 
International Institutions — and so will earth-based activities In outer space. 

4.6.3 "CoMMon Heritage” 

By the sane token, the doctrine of International responsibility for Inter- 
national ”coMnons” has taken hold very fast, and will probably be an Important 
feature of the legal /political landscape 20 years froM now. So far, the 
”roMMons” Idea has been applied to environnmts where national claims to 
sovereign jurisdiction had not been stnwigly pressed— the high seas, Antarctica, 
o-iter space and celestial bodies. But it Is quite conceivable that over a 
20-year span, many of the leaders of the less well endowed countries could 
rationally conclude that all natural resources are "gifts from God" to mankind, 
not to the people who happen as of 1977 to have conquered or Inherited them. 
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"Sovereignty ever !ietw*a1 resources" has been the developing nation's back- 
Hard>1o<Mcliig battle-cry In the rhetoric of the New International Econooic 
Order. But "the forward-looking interest of wost geographically sm' ler 
countries would clearly be to Mxinize the international jurisdiction ever 
(and therefore their own participation in decisions about) the key world 
resources they will need, but do not own, for their own developnent— oil, 
coal, iron, cooper, uraniun. Manganese, nickel, and the rest."^^^ 

In such a cliaate, the pressure fron the world's Majorities in every 
international institution will be to Make space power systeas profitable for 
all the "stockholders" in the international ccwons. 

4.6.4 Transnational Enterprise 

Two distinctions iaportant in our inherited concepts of international 
law are becoaing blurred in the practice of intergovsmnental institutions 
and nongover n a en ta I actors in transnational relations. One is the distinction 
between "private" and "public." The tern "Multinational corporation" is used 
0 iaply sone identifiable degree of privateness. But there now exists a 
good nany Multinational mterprises which are, by intent or in effect, 
socialized conpanies: this is obviously true of enterprises sponsored by 
coanunist and other totalitarian goveriments; but the heavy government invest- 
nent in a Lockheed Conwration, and the Congressional parentage of a COMSAT, 
are also blurring the line between "public" and "private". Uhat is already 
developing is a community of transnational enterprises which operate beyond 
the reach of any one government and are not yet effectively the object of 
international governance. 

It seems likely that multinational enterprises will be important, 
perhaps even central, in the development of cperational Satellite Power 
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System. Bdt It also seem likely that hy the tine they are operational, 
the enterprises that are aig enough and efficient enough to take on the 
tasks involved will be so "affected with the public interest” that wost of 
our current law and practice, based on concepts of private ownership and 
control, will have given way to a pattern of international enterprise 
regulated by 1ntergo«^nmnta1 agreenents and institutions. 

4.6.5 Internationalization of Internal Affairs, and Vice Versa 

The second distinction which is blurring fast is that between "donestic” 
and "foreign* policies, or between "internal" and "International" affairs. 
President Carter's new ewphasis on humn rights ("...no mei^r of the United 
Natiwis can claim that nistreatnent of its citizens is solely its own busi- 
ness," he said at the U.N. on March 18, 1977) is only the most dramatic case 
in a crowd of current precedents. A nation's policies and practices on such 
subjects as internal economic and monetary management, export promotion and 
tariffs, population, environmental protection, public health, experimental 
organisms, weather modification, nuclear energy, narcotics, and the meeting 
of s own people's human needs are already the srbject of International 
agreements and In some cases of International regulatory bodies. 

Paralleling the Internationalization of Internal affairs Is the tendency 

to fashion "domestic" policies In the perspective of their International 

Impacts. Every major Institution In our society— corporations and their 

associations, organized labor, farm organizations, foundations and nonprofit 

enterprise, school systems, colleges and universities, educational associations, 

and governments, municipal and state as well as federal— Is currently engaged 

In pervasive shifts of policy and practice In the effort to "cope with 
108 

Interdependence." 
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In these circuastances the bargaining about access to and benefits 
froa outer space is not likely to reaain the province of experts in a 
coaparatively few governaents and corporations. 

4.6.6 Decision Ha lt ing About "Halts" 

Soaewhere near the center of contemporary International relations Is 
an emerging ethic of ecology which will produce during the next generation 
new negotiated and administered limits to the behavior of nations and the 
people subject to their jurisdiction. International agreements, and Insti- 
tutions to match, will likely be created, or adapted, to make sure mankind 
as a whole stays well inside seven kinds of "Halts” on which there Is already 
the beginning of a consensus. 

1. A system for establishing and reviewing International standards 
for Individual entitlement to food, health, education and any 
other agrred components of "rolnlnxMi human needs"; and for relating 
International economic cooperation, including "aid," to progress 
toward those standards. 

2. A system for International review and monitoring of national 
decisions about growth, affluence and waste In the more developed 
countries. 

3. A system that negotiates and monitors agreed standards of air 
and water qual ty, and reviews national actions that pollute 
beyond national frontiers. 

4. A system that keeps under review the damage and potential damage 
from man-made processes, and blows the whistle on those that may 
affect people beyond national frontiers. 

5. A system that pronx)tes exploration for, and keeps a world Inven- 
tory of, nonrenewable resources that may be needed by people 
outside the nations where the resources happen to be found. 

6. A system that monitors world production of food and fibers; seeks 
International agreements to limit overcropping, overgrazing, over- 
cutting and overfishing; and provides for the exchange of timely 
Information on national harvests and food requirements. 

7. A system that limits armed conflict by International conciliation 
and mediation, the deployment of peacekeeping forces, and (through 
arms control) the Institutionalization of military uncertainty (that 
Is, deterrence) at the lowest possible cost. 


104 



None of these trends will run In a straight line; all of the resulting 
Institutions will be nessy. plural1st1c» capricious. pol1t1cal->1n other words, 
expressions of governance In a world where nobody Is In charge. Space systems 
will play a part In this growing web of international Information gathering. 
International monitoring and International regulation. Already the geosta> 
tionary orbit has come to be regarded as a limited natural resource. Long 
before a satellite power system Is ready to launch, there Is likely to be a 
widespread assumption that so Important a development, depending so crucially 
on occupancy cf a limited area of outerspace "coamons," should be effectively 
International from the start. 

4.6.7 Participation and Openness 

The trend In modern large-scale management Is to flatten out the tradi- 
tional pyramids, with their reconmendations-up-and-orders-down processes, 
into horizontal "systems" in which more and more of the key relationships are 
lateral, and more and more of the key decisions are collegial and consensual. 

A similar trend is already strong in international decision making. 

In a horizontal system so many people are somehow Involved, and the 
complexity becomes so gi^eat, that certain modes of operation are imperative. 
Secrecy In a small In-group simply doesn't work; information about goals and 
processes has to be widely shared. Voting arrangements, which divide people 
on issues of principle, inhibit getting on with the job, so consensus systems 
develop which bring people to take "next steps" together even if they go on 
arguing about ideology; *^his trend is now very clear in many units of the UN 
system. In economic arrangements, producers find they cannot retain essen- 
tially exclusive jurisdiction over decisions about the price and supply of 
what they offer for sale; consumers assert the right to help make those 
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decisions. (The United States 1$ asserting this doctrine of International 
consumerism In current discussions with OPEC on oil; one of these days* the 
major consumers of food may take our doctrine seriously and ask us to open 
up to their participation U.S. decisions on farm subsidies and agricultural 
production quotas.) 

This cannot mean that everybody has to.be In cn every decision. In 
practice, the global Institutions already work by caucus, and through 
small-group negotiating teams: the bargaining about the final resolution 
from the Seventh Special Session of the U.N. General Assembly (which con- 
verted the North-South confrontation Into a North-South dialogue) took place 
among seven people In a group which never had a name. What will probably 
tend to develop will be two-tier systems— the operations (and most of the 
investment) In the hands of a comnunlty of the concerned, who In turn per- 
ceive an obligation to report to, consult with, and on some matters even 
seek the ratification of, larger bodies representing the rest of what 
Article I of the Outer Space Treaty calls "all mankind." It would be wise 
to plan from the start for a fully International system to develop the genera- 
tion of power In space, and avoid the INTELSAT experience of starting on a 
too-AmerIcan basis and being pushed to Internationalize the system by the 
other participants In what was always bound to be an International system 
to govern an Inherently global technology. 
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S. POLITIGM. CONCERNS ABOOT SPS 


The HNitlne develojMent and deployaent of an SPS f^eet iaposes a variety 
of risks on foreign states. The a11evl4t1on of concerns regarding these risks 
Is key to obtaining International acceptance of the systea. In this section, 
the types of concerns potentially laposed fay an SPS are Identified. Then a 
basis for regulation of the systea and alleviation of concerns Is sought, 
first In existing treaties and <Mrganl 2 at 1 ons and then In potential imllateral 
and aultlnatlonal actions. 

The risks laposed by ^ fall Into three broad areas: hazards to Indivi- 
duals and structures on the grown! due to "space objects* falling to the 
grtNmd, potential envlronaental lapacts, and potential effects nf the SPS 
power beaa on other systeas such as aircraft navigation systeas that could 
Indirectly lapose risks on the users of these systeas. A legal basis for 
requiring alleviation of resulting concerns exists In International law. 

Due to the nature of the problems, and the lack of understanding at present 
regarding the effects that SPS eight have on the environnent and on other 
systeK, It will be necessary to conduct research In these areas. The results 
of the research programs would obtain added credibility If the research is 
performed on an international basis. In addition, clarification of Issues 
regarding liability for damage caused by SPS-assoclated "space objects" will 
be necessary. 

5.1 Potential Causes for Concern Iwqwsed by an SPS 

Apart from possible concerns over adaptation o^ SPS technology to 
military applications, the routine development, deployment and operation of 
SPS Imposes a variety of risks on foreign states. These can be classified. 
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as shown In Figure 5.1, Into three categories: transportation and construc- 
tion, nicrowave bean, and envirtwnental inpacts. A key area that is sonewhat 
in question here is the area of environnental iaq>acts which, at best, is 
presently Tittle understood. Both this ar.-a and the effects of nicrowave 
(non-ionizing) radiation on biological natter (people, birds, plants, etc.) 
need to be addressed in najor resear^ efforts that should probably be 
conducted on an international basis to gain credibility. 

Figure 5.1 identifies tiie najor areas of potential adverse effects 
inposed by an SPS. This figure can be used as a guide to identify ^vem- 
nent agencies involvenent in an SPS progrna fron one point of view. 

5.2 Review of Existing Treaties and Organizations 

The developnent of space tecimology since the launching of Sputnik I in 
1957 has rapidly outpaced the developnent of positive international noms to 
control and regulate the uses of outer space. Far nore interesting legal 
questions have been raised by this onrush of technology than have been 
answered by the cunbersone law-naking process of the international coonu- 
nity. 

The principal international vehicle for the creation of international 
legal norms governing the control and regulation of space has been the United 
Nations' Committee on the Peaceful Uses of Outer Space, established In 1958. 
The committee, as now established, has 37 inembers,^ and generally meets once a 
year. Tlw Committee is organized into two subcommittees of the whole, a 
Legal Sub-Connittee and a Scientific and Technical Sub- Committee, that 
generally each meet once a year as well. Since Its creation, the committee 
has operated on the basis of consensus. While this undoubtedly has slowed 
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Figure 5.1 Types of Potential Concerns Imposed by an SPS and Their Alleviation 







the pace of decision making and led to ambiguous and lowest common denomina- 
tor drafting. It realistically recognizes the impact of national sovereignty 
and political power on International ru^e making. 

Three products of the Committee on the Peaceful Uses of Outer Space 
especially bear on the Issues of this subtask. The first Is the General 
Assembly Resolution 1962 (XVIII), December 1963, "Declaration of Legal 
Principles Sov^lng Activities of States In the Exploration and Use of 
Outer Space." Tbls Declaration asserts. Inter alia that: 

*1. The exploration and use of outer space shall be carried on for the 
benefit and In the Interests of all mankind. 

"S. States bear International responsibility for national activities In 
outer space, whether carried on by governmental agencies, or by non- 
governmental entitles, and for assuring that national activities are 
carried on In conformity with the principles set forth In this Declara- 
tion. The activities of non-governmental entitles In outer space shall 
require autlwrization and continuing supervision by the State con- 
cert^... 


"6. In the exploration and use of outer space. States shall be guided by 
the principle of co-operation and mutual assistance and shall conduct 
all their activities In outer space with due regard for the corresponding 
Interests of other States. If a State has reason to believe that an 
outer space activity or experiment planried by It or its nationals would 
cause potentially harmful Interference with activities of other States 
In the i^aceful exploration and use of outer space. It shall undertake 
appropriate International consultations before proceeding with any such 
activity or experiment. A State which has reason to believe that an 
outer space activity or exper1i»«nt planned by another State would cause 
potentially hamful interference with activities In the peaceful explora- 
tion and use of outer space, may request consultation concerning the 
activity or expen.-nent. 

"7. The State on whose r^istry an object launched Into outer space Is 
carried shall retain jurisdiction and control over such object, and any 
personnel thereon, while In outer space. Ownership of objects launched 
Into outer space, and of their component parts. Is (K>t affected by their 
passage through outer space or by their return to the earth. Such 
objects or component parts found beyond the limits of the State of 
registry shall be returned to that State, which shall furnish Identi- 
fying data upon request prior to return. 
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"8. Each State which launches or procures the launching of an object 

Into outer space, and each State from whose territory or facility an 

object Is launched. Is Internationally liable for damage to a foreign 

State or to Its natural or jurldiclal persons by such object or Its 

component parts on the earth. In air space, or In outer space." 

The principles enumerated In this Declaration formed the basis for the 
Outer Space Treaty of 1966 which entered Into force In 1967. The sections of 
this treaty which bear on the Issues at hand are Articles 1. 2. 3. 4. 6. 7. 

8. 9 and 11. Text and analysis of these articles Is provided In Appendix C. 

The third major product of the U.N. Committee on the Peaceful Uses of 
Outer Space that bears on the Issues of this subtask Is the Convention on 
International Liability for Damages Caused by Space Objects that entered Into 
force In 1972. The relevant sections of this agreement are Articles 2. 3, 6, 
8, 9, 10. 11, 12, 13, 14, 15, 18, 19 and 21. Text of these articles Is pro- 
vided In Appendix A. 

Beyond the limited positive International law examined here, there Is 
very little other control and regulation of outer space activities that would 
bear on an SPS. The UN Committee on the Peaceful Uses of Outer Space has had 
under discussion for several years a range of other tropics Including: 

1. A draft treaty on the moon, principally concerr.ing exploitation 
of lunar resources 

2. A draft convention on the registration of objects launched Into 
outer space 

3. The regulation of direct broadcast satellites 

4. Defining the precise boundary between airspace and outer space 

5. The regulation and management of remote sensing of earth resources 
from outer space. 

The pace of the committee on these topics has been slow, and although 
the Chairman has called Its attention during Its 1975 and 1976 meetings 
to the prospect of space-based solar power systems. It has evidenced no 
interest to date in examining these topics. 
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In ndditlon to this relatively meager amount of positive International 
laM bearing on these Issues, there are a few more general provisions of 
International law that can be brought to bear on these on these Issues. The 
most Important Is the treaty obligation Involved In Article 2(4) of the UN 
Conference on the Human Environment. 

Article 2(4) of the Charter declares that: "All Members shall refrain 

In their International relations from the threat or use of force against the 
territorial Integrity or political independence of any State, or In any other 
manner Inconsistent with the Purpose of the United Nations." The Stockholm 
Declaration on the Environment adopted In 1972 declares, inter alia , that 
"States have. In accordance with the Charter of the United Nations and the 
principles of International law, the sovereign right to exploit their own 
resources pursuant to their own environmental policies, and the respons 
Iblllty to ensure that activities within their jurisdiction or control do not 
cause damage to the environment of other States or of areas beyond the limits 
of national jurisdiction." 

5- 3 Actio ns the _U* Sj^ C ould take Unil ate rally to A lleviate Politi cal Concerns 

With regard to risks identified in Section 5.1 imposed by routine uses 
of an SPS system, a series of unilateral U.S. actions are possible to assist 
In alleviating international concerns. With regard to those risks likely to 
arise from the launching and construction of an SPS system, for example, 
launch vehicle failures and the impact of construction debris, the following 
unilateral steps would be worth exploring: 

t The launch facility could be constructed in an area where 
the critical flight path segments cross only U.S. territory 
or International waters. In such a case, a launch vehicle 
failure would be unlikely to have a significant inter- 
national consequence. 
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• The U.S. could open the launch facility to International 
Inspection to reassure states about such activities. This 
might well Include a unilateral U.S. Invitation to other 
states to share in all tracking data for every launch 

to remove any possibility of attempts to hide launch 
failures. 

• The U.S. could agree to freely share with other states all 
test data on the launch vehicle and related quality assur> 
ance programs. 

• The U.S. could announce In advance that it reaffirms Its 
acceptance of the Convention on International Liability for 
Damages Caused by Space (Xtjects and that It affirms that 
this Convention clearly covers any damage that might be 
caused by an SPS launch failure or SPS construction. This 
action could be strengthened by the simultaneous creation 
of a reserve fund to cover possible SPS claims. 

t The U.S. could also augment its space tracking capability 
to enhance its ability to track SPS debris and agree to 
make the output of this system publically available. 

t The U.S. could investigate “tagging" procedures for 
SPS components to assist in the unambiguous identi- 
fication of any SPS debris. 

The larger area of concern from an SPS concerns the operation of the 
microwave beam and associated environmental inq>acts. The major concerns here 
are simply over a lack of knowledge of the impacts of such a system. A large 
step toward clarifying the level of risk involved could be taken if the U.S. 
would immediately begin a research program, with funding appropriate to the 
problems, to investigate these impacts. To increase its contribution to 
alleviating international concern this research program might adopt some or 
all of the following characteristics: 

• The research program could be formulated and/or reviewed 

by an international group of scientists, perhaps by an ICSU 
sponsored group. 

• The research could be carried out in part by non-American 
scientists funded by the U.S. program. 
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t The U.S. could announce that all research data would be 
published as received to allow for timely critiques In 
the scientific comnunlty. 

e The U.S. could set up a senior level International 

review bo^ with clear decision criteria responsible for 
reviewing all data and making a "go/no-^go" decision In 
reference to the Impact data. 

e The U.S. could establish a monitoring program responsible 
for the continuous assessment of an operational SPS system 
for the timely detection and analysis of aqy deleterious 
Impact. Such a program could fund non>Amer1can» require 
full disclosure of data and have an International review 
and assessment function. 

5.4 Multinational Actions that could be Taken to Alleviate Political Concerns 
The alleviation of potential concerns from SPS operation through mult1> 
national arrangements Is probably not an lon^dlate. high order priority. 

This Is the case because the Convention on International Liability for 
Damages Caused by Space Objects that entered Into force In 1972 already 
covers a wide range of these concerns. This resulted from very meticulous 
negotiatior.s anJ would appear adequate to cover a wide range of SPS concerns. 
It is possible that, with regard to potential environment impacts, additional 
multinational devices might be desirable. While the research efforts neces- 
sary to ascertain the range of impacts before the SPS system goes into opera- 
tion are probably more easily obtained from unilateral activities, the 
maintenance of safe operating conditions in an operating system might be the 
appropriate subject of an international agreement. By setting forth in an 
international agreement design specifications for such critical elements as 
steering mechanisms and beam control, maintenance practices and other operat- 
ing practices, some concerns might be alleviated. From the U.S. perspective, 
such standards, if sufficiently high, might also discourage "cut-rate” SPS 
designs from other space powers, although this may be a remote prospect in 
any case. 
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5.5 Issues for FoTlow-On Studies 

Tw principal types of additional work need to be done In this area. 
First, a nore thorough Identification and analysis needs to be made of the 
potential problem areas arising from deployment of an SPS fleet. One path 
Morth pursuing Mould be a fault analysis and societal risk approach such as 
that recently employed In the analysis of the hazards arising In the nuclear 
fuel cycle, (cf. Societal Risk ^proach to Safeguards Design and Eva lu ation , 
EROA. Safeguards and Security Systems Branch, ERDA-7) This essentia In- 
volves an '<;alyt1cally rigorous effort to Identify all possible hazards. 
Identify th^lr linkages Mith each other and to rank them according to the 
seriousness of the threat that they pose. Such an effort Involves a detailed 
knowledge of the SPS design and should be pursued parallel with the design 
evolution. One obvious major hazard that needs Immediate attention If SPS 
Is to be a serious option Is the range of possible environmental inpacts of 
the system. Both the NEPA standards, as well as common prudence, requires 
that this area be vigorously investigated as soon as possible if SPS is 
to be considered as a serious energy option. 

A second area in which additional work needs to be done concerns the 
various strategies for risk alleviation. While this study has sketched out 
in broad brush strokes a wide range of risk alleviation options, the time has 
not been available to explore in detail the full operation and implication 
of any of them. A logical next step would be to rank the various risk 
alleviation strategies against the hazards and to then develop a detailed 
analysis of those that are targeted on high priority hazards. For example, 
how would a multilateral inspection scheme to insure the peaceful character 
of an SPS actual operate or how would one go about establishing a multi- 
national consortium for SPS operation and what would be its implications? 
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It Is furthermore clear that the problems encountered in alleviating 
concerns, and the approaches taken, would be quite different If the SPS 
was planned, from the beginning, as an international systen. It is cer> 
talnly worth examining the problems and issues raised here uiider the assump> 
t1<Mi that the SPS will be developed and implemented by an International 
organization such as INTELSAT. 


125 



Section 5: Footnotes 


1. The 37 nembers of the Outer Space Coumlttee are: 

Albania, Argentina, Australia, Austria, Be'igli^n, Brazil, Bulgaria, 
Canada, Chad, Chile, Czechoslovakia, Egypt, France, German Dem- 
ocratic Republic, Germany (Federal Republic of), Hungary, India, 
Indonesia, Iran, Italy, Japan, Kenya, Lebanon, Mexico, Mongolia, 
Morocco, Nigeria, Pakistan, Poland, Romania, Sierra Leone, Sudan, 
Sweden, USSR, United Kingdom, United States and Venezuela. 

The officers of the committee are the Chairman, Mr. Peter Jank^w1^sch 
(Austria), Vice-Chairman; Ion Datcu (Romania); and Rapporteur, Lulz 
Paulo Lindenberg Sette (Brazil). 
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6. INTERNATIONAL ECONOMIC AND POLITICAL IMPLICATIONS 
OF AN OPERATIONAL. ECONOMIC SPS TECHNOLOGY 


Over the past five years, and most likely continuing over the next 
decade, no other resource topic has been discussed, analyzed, projected, 
and speculated about more than energy: its sources, technology and rela* 
tion to current and future human needs. Since assessments of current 
energy problems diverge widely, it is understandable that, as projections 
are made further into the future, no true consensus exists on rational 
energy policy objectives, nor agreement on the facts underlying such policy 
and outlook. Nevertheless, the following sections outline some key con- 
siderations which are likely to hold for SPS technology, irrespective of 
the current wide disagreement on national or international energy policy 
objectives. Then a study plan is presented for a detailed, quantitative 
analysis of the issues identified. 

Three major issues are surfaced in the following discussion. The first 
has to do with the geographical separation between fossil fuel resources end 
centers of demand. As these resources cross national boundaries, a trade 
flow is set up that can have considerable adverse economic impacts on the 
importing nations. In addition, the economic dependencies thus obtained are 
not always conducive to international stability and to world peace. The 
second issue deals with the transportation of bulky fossil fuels. Depen- 
dency on foreign supplies necessitates at least guaranteed access to, if 
not control of, the t»ansportation routes. Finally, the third issue 
addresses worldwide per capita energy consumption. If the less developed 
countries are to develop, the implication is that their per capita energy 
consumption must rise significantly. This rise may not be possible given 
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access only to fossil fuel energy. SPS shares with fusion perhaps the only 
potential for resolving these Issues in the favor of energy importing nations 
and the less developed countries. 

6.1 Current Dependence of Western Industrial Nations on P etr ole<OT and 

6as Imports 

The current enerry resource base in the United States and worldwide is 
fossil fuels. While, historically, coal has provioed, and is still providing 
in some key regions, the major energy resource base, western industrial 
nations, for reasons of efficiency and economy, are largeJy relying on petro- 
leum and natural gas to provide clean and efficient energy. Most of the 
knci<n resources, however, lie outside western industrial nations, mostly in 
the Middle East, the Soviet Union, some regions of Africa, Southeast Asia and 
(recently discovered) in Mexico. The realizations by OPEC that oil and gas 
resources are finite, that in the short run OPEC operates in a "sellers" 
market, and just using principles of economic rationality, have led to 
sizable price increases since 1973 which can be expected to stay, under 
optimal pricing and sales strategies, at least at these levels . ^ Ka 1 ymon 
has suggested that under optimal pricing and sales strategies (also common 
to practices in industrialized nations) it is not in OPEC's economic self- 
interest to deplete its oil resources rapidly (that is, they should maintain 
a relatively high price per barrel). Thus, the current energy dependence of 
western industrial nations cannot be construed as due to the "evil designs" 
of a few policy makers that somehow can be negotiated away. Rather, the high 
price*" ..isociated with oil and gas resources existing t.)day ir fact reflect « 
long-term stable evaluation of the best economic self interests of the 
resource nations. 
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Under existing conditions, a substantial flow of funds will continue 


to OPEC nations. In the case of the United States alone, leaving oil 
Imports roughly at the current levels, this aeans a dally Inflow of seven 
■mion barrels per day, equivalent to an annual balance of paywents lapact 
of around $30 billion for the United States at today's oil prices. This 
constitutes about two percent of the of the United States. As dea- 
onstrated by the oil crisis of 1973, the lapact of a sudden cutoff of these 
supplies on an ecmuailc systea are auch aore widespread (that Is, the 
potential to Inflict daaagc on the United States econoay In the short run) 
than the figures and aaounts above suggest. Fluctuations In randoa 
phenoaena, such as weather, can already severely test the current resource 
base and econoaic balance of ::he United States, as shown In the winter of 
1976-77. 

The situation for other western Industrial nations Is an order of aag- 

nltude worse than that of the United States: With no significant doaestic 

oil and gas resources. Western Europe and Japan (the latter In particular) 

depend alaost exclusively on laports. Figure 6.1 shows, for reference 

purposes, the 1970 dependence of different nations on outside energy iin- 
2 

ports. The figure lists population of Individual nations versus the 
energy consumption in metric tons of coal equivalent on a log/log scale. 

If one were to define the energy consumption levels of the United States 
(or the Soviet Union) in absolute amounts as somehow representative of 
"great power" status and, similarly, the levels of energy consumption of 
members of the European economic community and Japan as representing 
"intermediate power" levels, the figure illustrates the drop in energy 
resource availability if each one of these nations or regions were shut off 
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Figure 6.1 Energy Consumption, Production and Dependency by Major 
world Regions (Source: Heiss, Klaus P., Klaus Knorr, 

Oskar Morgenstern. Long Term Projections of Poi»er: 
Political, Economic, and Military Forecasting. 
Cambridge: Ballinger Publishing Co., 1973.) 
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suddenly froe Its current inportation fron outside energy sources. 

In the case of the United States and the Soviet Union (and China) these 
effects — though possibly severe in the short run— are shown to have no 
long-term Tasting inpact. However, on Western Europe and Japan, key Members 
of western iMhistrial society, che effects would be severe, in some cases 
extremely severe, relegating nations like Japan, for exMple, to the status 
of at most an intermediate, less developed country. 

This dependence leads to a continuing flow of economic resources ($30 
billion a year in the case of the United States) to energy smjrce 
countries. While in the case of the United States, other mediun- to long- 
term options are clearly available, the United States also has to take into 
acccMint the fate of other wcscem industrial nations in worldwide economic 
developments, given the high interdependence of all economic systems in 
international trade and other relations (for exai^>1e, resources allocated 
to common defense). 

6.2 Control of Transportation .^utes 

Another noteworthy fact is that, in addition to the energy source 
countries and their enhanced economic and political position in the fore- 
seeable future, fossil energy sources have to be transported to the con- 
suming nations . Hence, the control or avoidance of interference i.ito world 
trade transport routes is equally important and has significant political, 
as well as economic in^tlications. The fate of importing nations, in the 
case of a severe crisis, is not only determined by the energy source 
countries bet also by the nations that control the transportation routes. 

In this case, clearly, the control and guarantee of oversea routes gives 
the United States a ratner strong position in the foreseeable future. 
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However, such routes can be endangered, and at least teaporarily influenced 
by even ainor acts of irrationality. The exit of the Persian Gulf is one 
such exaaple of a weak link which could be endangered. 

The successful developaent of an SPS would constitute a dranatic 
rea1igiai»it of econoaic interests and, in consequence, also political rela- 
tions, essentially in the direction of the status quo ante : the situation 
before the oil cabargo of 1973. 

The large-scale deployaent of an SPS fleet, a space-based technology, 
would in soae sense increase the position of the United States in inter- 
national relations for soae tiae to coae even if the fleet were developed 
under soae multinational or international banner. It can be expected that 
the United States for some tine will maintain a strong technological lead 
in space-based technology, extending over a wide variety of critical compo- 
nents necessary for the successful deployment and operation of SPS systems. 
Thus, it would give the United States a technology monopoly in terms of 
systems hardward, systems operations and know-how that other nations would 
probably find diffi'ult to duplicate without the cooperation of the United 
States in several critical areas. Western Europe and Japan can be expected 
to also make rapid progress in SPS technology areas, and probably should 
openly compete for subsystems or even complete system components. However, 
the United States, in the foreseeable future, would still control one 
essential feature— the space transportation system — and, hence, the access, 
maintenance, deployment, as well as retrieval of SPS system components. 

The United States would have de facto control of the system. 

In terms of the flow of monetary funds , a successful full-scale imple- 
mentation of SPS could potentially lead to a "savings" of $30 billion of 
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funds annually. If the current level of oil Inerts can be substituted by 
SP*-generated energy. HoMever, In the context of the overall Importance of 
energy In economic systems, this Is a secondary consideration. In effect, 
for discussion purposes, a point could be made that the f'ow of S30 billion 
of funds from a Mglily advanced Industrial nation to less developed areas 
comprising most of the OPEC countries may not be all that undesirable In 
the context of long>term development aspirations of nations. However, at 
the present time, much of these (^sources are returned to the United States 
and other developed nations In the form of arms purchases- -a purpose with 
dubious benefits to the purchasing countries. 

In terms of total flow of funds and resources, the successful develop- 
ment of SPS would, however, mea: a dramatic qualitative change In resource 
requirements and, hence, also In economic dependencies. Taking the case of 
the United States, various energy consun^ptlon requirements can be projected 
over the next 75 to 100 years (with all the ensuing uncertainties as to the 
accuracy of such projections). Using some of the current large models 
used by EROA and other research organizations, energy consumption levels 
in monetary terms of between $700 billion and Sl.OCO billion or more annu- 
ally, 75 to 100 years hence, seem not completely unreasonable in the context 
of current energy consumption patterns in the United States with minimal 
growth projections. The complete provision of energy, ultimately, through 
a highly economic SPS would have implications that go far beyond the current 
considerations about "outside" oil dependencies. A "cheap" SPS substituting 
for these rather large projected resource requirements would have Implica- 
tions to the United States to an extent that is not measureable to any 
accuracy. At best, one can consider the availability of an additional $700 
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billion In disposable resources In the United States as an extrenely 
challenging task 

6.3 Industrial versus less Developed Countries: The Equitable Access 

To United Energy Resources 

Each of the above considerations we believe to be. In the long run, 
secondary to an even larger and even nore 1iqx>rtant Issue. If one accepts 
the prealse that energy consun^tlon—hopefully less wasteful than currently 
In the United States->1s an underlying necessary condition to the econonic 
development of industrial societies, the provision and development of an 
Inexhaustible energy souixe, available to all nations, has to be seen In an 
entirely different context. Table 6.1 lists energy production and con- 
sim^tlon for several world regions, including the United States and the 

3 

European economic community, as well as worldwide data for 1970. The 
calculations shown In this table are simple: taking the per capita energy 
consun^ition of the United States in 1970 as the standard (a premise many 
would dispute as an efficient pattern of energy use), similar levels of 
potential energy consumption are calculated for different regions such as 
the Soviet Union, the EEC, Japan and the world. It might be reasonable, 
on the other extreme, to submit that the energy consimiption levels in the 
United States in 1970 were 50 percent higher than efficient energy use 
patterns would require. In this case, assume that by the year 2000 , with 
even minimal growth in energy use requirements, the 1970 level of energy 
consumption in the United States is an “efficient** (that is, not wasteful) 
per capita energy use pattern for the year 2000. That is, energy use 
efficiency in the United States by the year 2000 would be increased two- 
fold, a rather audacious assumption. By taking these numbers or "pro- 
jections" to the year 2000, the table points out that with no population 
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Table 6.1 Energy Productlon/Consumptton by Major Regions 


Tota1(1n 10^ metric tons of coal equivalents) 
Per Cap1ta(1n metric tons of coal equivalents) 
1970 




Energy 



“Potential - 1970* 
Consumption at U.S. Rate 

1970 

Region 

Population 

Pr oduc 1 1 on Consump 1 1 on 

Per CapHa 
Consumption 

Actual 

Deficit 

Prod.-Cjns. 

Potential 

GAP 

Actual -Potential 
Consumption 

% 

Actual 

United States 

k!05 

2,054 

2,282 

11.1 

-228 

n.a. 

n.a. 


Soviet Union 

243 

1,213 

1,079 

4.4 


2,697 

-1,618 

40 

EEC (6)* 

188 

321 

111 

4.1 

-456 

2,087 

-1,310 

37 

EEC (9)** 

284 

514 

1,228 

4.3 

-714 

3,152 

-1,924 

39 

dapan 

104 

55 

332 

3.2 

-277 

1,154 

- 882 

29 

China 

760 

420 

426 

.5 

+ 

8.436 

-8,010 

5 

World 

3,707 

7,000 

0,843 

1.8 


41,148 

-34,305 


World 

2.871 

3,164 

1,922 

.7 

♦ 

31.868 

-29,946 

6 

4 Regions 










n.a. ■ not applicable 

it 

6 Countries 

** 

9 Countries 


Source: He1ss« Klaus P.» Klaus Knorr* Oskar Morgenstern. Long Term Projections of Pov^r: Polltlcalg CconomICg 
and Military Forecasting. Cambridge: Ballinger Publishing Co«» 1973. 








growth worldwide, a dramatic discrepancy exists between <teve1oped indus- 
trial nations and less developed countries in the production and use of 
energy resources worldwide. While the actual energy production in 197C was 
about 7 billion metric tons of coal equivalents, the extension of the 
identical standard worldwide would have required a production of energy 
resources equivalent to 41 billion metric tons , a clearly impossible level 
of fossil energy resource production, even if these resources were availa- 
ble to these nations. 

What this points out, in rough outline, is that over the next several 
decades severe conflicts will develop between the interests of industrial 
societies and the interests of less developed regions of the world, with 
regard to access to energy resources, their disposition and their use 
worldwide. Since population worldwide is not a static phenomenon, the 
conflict of interest with regard to access and the use of energy resources 
outlined in Table 6.1 can only be exacerbated. We see no feasible develop- 
ment of current fossil or even fission-based technology, with ensuing 
waste disposal and proliferation issues, that can satisfy the aspirations 
of all nations, with regard to access to energy sources, whatever the 
ingenuity of economic, political and technical arrangements might be. 
Concurrent with this large, substantive gap between industrial and less 
developed nations, many other already existing social conflicts can only 
worsen. To some extent, the current conflict between industrial and less 
developed nations may already be but a reflection of the inequitable access 
to energy sources by these diverse nations: While industrial nations, 
even without access to their own fossil energy sources, can pay In real 
terms to the few nations that are in possession of such resources, less 
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developed countries outside of OPEC have neither the energy resources nor 
the economic resources to pay for the importation of energy. It Is a 
dilemma that cannot be solved, no matter how generous a foreign aid program 
might be agreed upon. 

While this Is not advocating the SPS as "the” ultimate promise to 
solve all problems, which it clearly will not, the SPS Is clerriy one of a 
very few Inexhaustible energy alternatives presently under conclderatlon 
for development. Other technologies along these lines would Incljde fusion 
and possibly OTEC (ocean thermal). What makes SPS attractive In this 
general context Is that the technical principles of SPS are clearly known 
and demonstrated to produce a net energy output— something not yet achieved 
In the area of fusion technology— and there is also an assurance that at 
some known upper cost limit, say $20 to $40 billion per SPS unit. Indeed 
such energy systems can be constructed, deployed and operated. The development 
of SPS prototype programs In total cost may amount to just the budget of 
one year's funds expended today by the United States on oil Imports: $30 

to $40 billion. 

6.4 Future Study Topics 

A study to evaluate the benefits of SPS in International trade would 
seek to quantify the Issues discussed above. The work would focus In five 
task areas described below. 

T ask 1 . World Energy Forecasting Models 

This task would address the Imports and exports of energy to the 
United States and other nations during the time period of Interest. A 
number of energy S'jpply and demand models exist. These models would be 
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revlened and one or more of the most appropriate models selected for use. 

The objective will be to obtain a capability to forecast energy supply and 
demand by nation or region over, say, the next 50 years, subject to a 
nwnber of different assumptions on resource supply, economic growth of 
developing nations, and the development of new energy technologies. The 
selected model (s) would be modified as necessary to determine the Impact of 
an SPS on energy flow worldwide. 

Task 2 , The Impact of SPS on International Energy Markets 
The energy supply and demand forecasting models developed under Task 1 
would be exercised to determine the Impact of SPS on world energy con- 
sumption, subject, parametrically, to assun^tlons on the cost and supply as 
a function of time of SPS-generated power, and on the availability of 
alternative energy sources such as fusion. The result of this task would 
be projections of energy Imports and exports by the United States and by 
other nations or world regions, as a function of time, both with and with- 
out SPS. The differences due to SPS would then be identified. 

Task 3. Benefits of SPS In International Trade 

This task would quantify the economic benefits cf SPS In International 
trade associated with the Impact that SPS would have on world energy Imports 
and exports as obtained from Task 2. It Is observed that SPS could result 
in enormous Increases In disposable resources In the United States. This 
task would translate that Increase Into a net welfare to U.S. society. 

Task 4. The Impact of SPS on Energy Distribution 
It Is observed that energy resources are not often located In energy 
consuming areas. This Is a particularly key problem for developing nations 
that cannot pay to Import energy and yet have no significant energy resources 
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within their boundaries. This task would analyze the impact of SPS tech- 
nology on the potential energy supply for the developing nations and the 
resultant change in their rate of development The inqi)act of these changes 
on the United States in terms of imports andexport markets for non-energy 
commodities, the requirements for national defense, and on the balance of 
power would be assessed. 

Task 5. The Use of SPS for Peak Load Following 

The requirements for electrical power vary as a function of the time 
of day and day of the year. In theory, at least, it would be possible with 
an SPS fleet (perhaps using orbits other than geosynchronous) to follow the 
peak power loads around the world, north and south hemispheres, as a function 
of the time of day and day of the year. This could effectively increase the 
economic worth of the SPS. This task would identify the peak versus base 
loads of various regions of the world and then identify potential SPS-gener- 
ated energy imports and exports as a function of time. It would then assess 
the incremental value of an SPS fleet given a load-following of the capability 
versus a "fixed" mode of operation, as a function of the differential costs 
of peak versus base load power generation. 

Clearly, the impact of an SPS in international trade would be very 
extensive and a thorough study of this potential impact would itself be 
an extensive undertaking. The above tasks would quantify some of the more 
fundamental issues at a reasonable level of effort (one-to-two man years) 
and pave the way for a more substantive study to follow. 
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Section 6; Footnotes 


1. Kalymon, 3., Economic Incentives In OPEC Oil Pricing Policy, Journal 
of Oevelopnient Economics, Volume II, No. 4, 1975. 

2. Heiss, K.P.i Knorr, K. and Morgenstern, D., Long Term Project ions 
of Power; Political, Economic, and Military PorerastinV ,Ba1lTnger 
Publishing Company, Cambridge, Mass., 1973, p. 125. 

3. Ibid, p. 123. 
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7. SPS PROGRAMMATIC PLANNING 


This section considers a number of issues related to SPS programnatic 
planning in the framework of the United States Federal Government. First, 
an overview of long-range programs and government support is presented. 

Then a discussion of the funding of the magnetic containment fusion program 
is given. Finally, the insights presented are applied to the SPS program. 

It is observed that the fusion research program was, for many years, 
relatively small and that only recently has it taken on the role of a major 
area of federal energy research and development. Concurrent with this 
transition, fusion research is being challenged by a number of competing 
programs. The SPS program compares only with the fusion program as it 
stands today. Relatively large funding levels would be required early in 
the program, while considerable uncertainty remains in the ultimate outcome 
of the endeavor. The requirement for large investments well before demon- 
stration of concept feasibility places an added emphasis on economic, tech- 
nical, environmental, and legal/institutional analyses for convincing rele- 
vant officials to support the program. SPS represents certain significant 
departures from present practice that will need to be accepted if the pro- 
gram is to proceed. SPS could represent man's first reliance on space for 
his daily needs. To obtain SPS will require a new role for man in space, 
as an active participant in a major new system. SPS will also represent 
a tendency toward centralized so^ar power during a time when the general 
trend is toward decentralization of energy production by the implementation 
of solar technologies. 
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7.1 Long-Range Programs and Government Support 

A veteran manager of government R&O programs suggested several years 
ago that 

The strategy of developing a long-term technology is one of 
the most difficult problems the government faces. The pressure 
is always to concentrate on the near-term payoff. Yet we 
must proceed with advanced high-technology programs also--and 
have the faith and persistence to carry them through* 

Although this was said in the context of the NASA/AEC NERVA (Nuclear Engine 
for Rocket Vehicle Application) program, s'.r.ilar complaints have been echoed 
by the managers of most large-scale government applied research and develop- 
ment programs. And the complaints are not without basis. Most recently, 
for example, the Carter Administration announced Its intention to reduce 
funding for nuclear fusion research by $80 million from President Ford's 
final budget request of $513 million. This cut is said to reflect "the 
intention of Mr. Carter and his top energy officials to switch energy fund- 
ing emphasis from long-term programs to ones that will show benefits within 
2 

a few years." 

It may be difficult to plan and carry out a long-range expensive, 
high-technology development program under government sponsorship, but it 
is f.ot impossible. The Apollo program is a singular example of such 
success; in some ways, so is the light-water nuclear reactor program. This 
analysis attempts to identify some of the factors which relate to the pos- 
sioility of successfully undertaking a larg>^-scale enterprise and some of 
the barriers to such an undertaking. 

This analysis argues, in the words of former NASA Administrator James 
E. Webb, that 
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In (Nir pluralistic society apy mjor public undertaking requires 
for success, a working consensus awong diverse individuals, 
groups, and interests. A decisitm to do a large, coa^lex job 
cannot siwply be reached **at the top* and then carried through. 

Only through an intricate process can a i^or undertaking be 
gotten underway, and only through a continuation of that process 
car. it be kept going. 3 

Applied to the issue of how, in the omtext of federal funding and annual 
budgetary review, an SPS prograw wight be initiated and carried through to 
a deterwination if such a prograw is in the national interest, such a view- 
point suggests that SPS programnatic planning mist be understood in politi- 
cal, as well as econoaic and technical, teres. For "what distinguishes 
progrwRS in govemnent is not that sowe play politics and others do not, 
but, rather, that sowe are better at it than others.... Success requires 

4 

skill in bureaucratic politics." 

At the outset, it should be clearly stated that the fact that budget 
reviews and subsequent allocation of resources on an annual basis would be 
characteristic of an SPS development program is not seen as a major issue. 
All R&O programs (except perhaps the most fundamental research) undergo 
some form of evaluation on at least an annual basis, whether the source of 
funds for those projects is government or industry. What is different, and 
problematic, is that the criteria used to evaluate a government-funded R&D 
project are broader than the criteria used tc evaluate a privately funded 
project. In addition, the organizational context of government programs is 
quite different than in the private sector. Funding comes through a com- 
plex process involving interactions among agencies, the Presidency, and 
Congres'. Elements of this process are open to outside scrutiny. 
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intervention, and influence. Prograa nanagenent is the responsibility of 
officials either ai^inted by the President or answerable to such officials. 
This 1r:Kls an overtly political diaension to prograa control (as it should 
;n » deacr^.atic govemaent). Congressional oversight of adainistrative 
perforaance is also a constant reality. Froa this perspective, prograa 
planning is a "dynaaic process by which both inside and outside interests 

c 

irrive at a new balance of power* which provides the basis of support for 
a large-scale prograa during its lifetime. 

It should also be clear that the term po litical is not used here in a 
negative sense. Politics is seen as one system of conflict resolution, In 
the inevitable situation of different actors with different priorities com- 
peting for control over scarce resources. Politics is a means of establish- 
ing a set of priorities for allocating resources when ih) analytical criteria 
for priority setting exist. 

It is particularly difficult, given the nature of the American politi- 
cal system, to gain initial approval of large-scale enterprises, the results 
of which will be long in coming. The time horizons of political leaders 
tend to be short, and there is constant pressure to allocate resources to 
undertakings with relatively quick payoffs. "Securing approval of a large 
or novel project generally requires a major campaign to generate support 
both inside and outside the government. One or more credible principle 
advocates, capable of attracting attention and support, are usually 
necessary."® The role of "policy entrepreneurs" has been frequently noted: 

In their quest for funding and political authority, they 
use every available weapon: pressure from various con- 

stituencies and groups, aggressive selling inside govern- 
ment, attracting Congressmen as innovators or as protec- 
tors (Congressmen who in turn often lobby other Congressmen), 
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pressuring the White House as well as receiving pressure 
froa the White House, and so on through a diverse range 
of opportunities and strategies. 


Priorities are established by aggressive entrepreneurs at 
the operating level of 9 over we nt. Prograas (Hrosper because 
energetic division directors build political support to 
withstand contimtous attacks upon a prograa's resource base 
by coapetlng clalas.^ 

The problea of establishing and ctalntalnlng an adequate base of politi- 
cal support for a prograa Is aore difficult when program benefits will not 
be evident until a significant time after major rescMirce commitments must 
be made. "Society needs as much assurance of success as It can have when 

O 

It commits Its resources In large amounts.” But, since It Is In the nature 
of RftO programs that tteir outcomes are uncertain, some means must be found 
to minimize as many critical uncertainties as possible before majo*- resource 
commitments are needed, and to assure progrw supporters that remaining 
uncertainties are being addressed In a logical manner. This Is one of the 
areas In which Intelligent program planning, coupled with close and open 
commjnicatlon with the program's supporters (and potential or actual oppo- 
nents), can have highest payoff. 

One aspect of program planning peculiar to technology programs has 
been described as a "lead-time dilemia." This is the problem posed by the 
necessity for decisions on future phases of R&D programs prior to the com- 
pletion and evaluation of current phases. In this situation, there is 
strong pressure on program managers for some demonstration of what is being 
accomplished. In providing such demonstrations, "care imjst be exercised 
that the accumulation of these contrived performance data does not distort 

9 

the operating system or swerve it from its major goal." 



There are other dangers in attempting to provide early demonstrations 
of progrvi results. Large-scale enterprises tend to be subject to a 
"double staidard* on the basis of which "mistakes are heavily taxed." Webb 
notes that "the reporting of successes and failures is frequently keyed to 
the spectacular or controversial. Since continued support usually depends 
on results, failures or the sensational forecasts of failures reduce internal 
self-confidence and undermine the essential element of external support. 

A constant danger of federally supported RAD programs is that they 
will be perpetuated , rather than conqDleted. It appears to be easier "to 
initiate development programs than to terminate or complete them." From a 
program's perspective, perpetuation may be better than death, but it is 
"usually akin to chronic ill health and malnutrition."^^ This suggests the 
importance of achieving enough support not only for program initiation but 
also, and particularly, for vitality throughout a program's lifetime. 

In order to gain and keep support, a program's managers may have to 
adopt a mix of strategies keyed to the various interests which compose the 
supporting coalition. One approach may be taken toward mobilizing support 
within the technical community; another, with respect to other elements of 
the agency within which the program operates and with other elements of the 
bureaucracy; a third, with respect to the White House, 0MB, and other parts 
of the Executive Office; a fourth, and probably very different, strategy 
with respect to Congress; and perhaps another approach for potential users 
of the program's results, especially in situations where those users are 
outside the government, as is the case for SPS. In each situation, it is 
the task of the program manager and his agency superiors to match program 
objectives and potential results to the needs and interests of potential 
supporters. 
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Such a matching process is “political," but political factors are 

part of the environment of a government-funded program as much as are 

technical and economic factors. Making political bargains and commitments 

Is an essential part of the executive's task. Uebb remarks: 

Can the executive In charge simply point to his mandate to 
^ a good job and demand that he be given what he needs to 
carry it on to completion? The executive who stands too 
firm In this posture Is almost certain to fall. The soph1s> 
ticated might say that the executive willing to make adjust- 
ments Is little better off, since he becomes a bargainer 
likely to compromise the essence of the endeavor. While 
this may be true. It should not be true. An executive can 
extend the art of the possible to that of the best 

possible. 

Various approaches are available to creating and maintaining support 
for a program within Its bureaucratic environment. Sapolsky, In his anal- 
ysis of the Polaris system development. Identifies four such strategies. 

1. Differentiation: "attenq>ts of organizations to establish 

unchallengable claims on valued resources by distinguishing 
their own products or programs from those of their competi- 
tors" 

2. Co-optation: "attempts of an organization to absorb new 

elements into its leadership or policy-determining struc- 
ture ... as a means of averting threats to its stability 
or existence" 

3. Moderation: "attempts of organizations to build long-term 

support for their programs by sacrificing short-term gains" 

4. Managerial innovation: "attempts of an organization to 

achieve autonomy in the direction of a complex and risky 
program through the Introduction of managerial techniques 
that appear to indicate unique managerial competence. "13 

It is relatively straightforward to see how these strategies could be em- 
ployed in the context of any large-scale program. The primary goal of such 
strategies is "uncertainty control," that is, control over outcomes which 
might be influenced by actors in an organization's environment. It is a 
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tendency of all organizations to "seek self-control or the ability to act 

14 

Independent of environmental forces." 

The process of getting and keeping the support of Congress for a 
large-scale enterprise is rather different, as one might assume given the 
difference between the bureaucratic structure of the executive branch and 
the nonmonollthic, nonhierarchlal characteristics of Congress. An acknowl- 
edged master at agency-Congresslonal relations Is James Webb, and It Is 
probably not possible to Improve on his analysis of how to make that rela- 
tionship work. 

A major concern of every large-scale endeavor Is securing from 
the Congress the continuing support necessary for specific pro- 
jects and t1« buildup and maIntenarKie of momentum. More than 
has been generally recognized, assured continuity of support Is 
of critical isHMrtance to the large, complex endeavor, particu- 
larly where the time span between the inception and achievement 
of goals is long. Once the endeavor has been planned and Is 
under «»y, it cannot Interrupt the established pattern without 
severe losses. Yet the endeavor, like any other government 
undertaking, is subject to the normal budget authorization- 
appropriation process. This process and the urgent need for 
continuity keep the endeavor and its executives continuously 
under the gun. 

Given our governmental processes, there obviously can be no 
guarantee and no certainty from one budget period to another 
that funds will be appropriated. The criteria for judging the 
endeavor— from the standpoint of relative urgency of goals and 
worth of performance — are subject to quick and far-reaching 
changes. It Is entirely possible that an endeavor that had 
been strongly and enthusiastically endorsed on all sides at 
Its Inception and was making good progress toward Its goals 
might suddenly find Itself In support trouble as a result of 
changes completely beyond Its own control. An Important fac- 
tor may Involve changes In the public mood — changes In basic 
public attitudes toward the goals being sought. Congress Is 
highly sensitive to such changes, and as endeavors become more 
and more complex, a greater and greater degree of confidence 
and trust Is required to maintain essential levels of support. 


The successful executive will accept that the basic purpose of 
Congress and Its leaders Is the same as his own; the furtherance 
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of the national Interest. He will ai^old the pitfall of 
assuming that the Congress Is on one side and he on another. 

He will avoid talcing unalterable positions and stances. Above 
the "line* he has drawn he will compromise when this Is clearly 
necessary and when he can do so without violence to his own 
and the endeavor's Integrity. If he Is forced downward toward 
his line, he will resist and make clear that he will not cross 
it. 

The successful executive will readily accede to congressional 
participation In areas where Its coimnittees or members have a 
proper concern. He will. In fact, welcome and facilitate this 
participation. He will not let fear of influence or efforts to 
control paralyze his ability to work with and draw strength 
from congressional counsel and assistance. He will recognize 
that a stand-off attitude toward Congress— as a whole, to Its 
committees, or to Interested members— Is the surest way to 
create problems. 

Nore Is required chan simply keeping the Congress Informed of 
what Is going on. The executive and his asscKlates must have 
an ability to sense the congressional pulse and to adjust to 
the Implications of changes In moods and attitudes. A success- 
ful large-scale endeavor must have adequate means for letting 
Congress know what Is going on and obtaining a contlnuli^ 
feedback from Congress, and the feedback cannot be limited to 
the requirements of the endeavor as a whole or to just enough 
to satisfy the needs of Its chief executive. It imjst be availa- 
ble and usable at every level of the organization. 

Congressional commitment to large endeavors can be seriously 
undermined b> a failure of conmunlcatlon regarding problems 
and problem areas. The Congress must be kept advised, and on 
a timely basis, of untoward developments that Impede or 
threaten the success of the endeavor. The executive must have 
a means of comnKinl cation that keeps him Informed of weaknesses 
and adverse developments In the work program, and he must keep 
open a channel to let Congress know of Impending trouble. 


Contacts and exchanges with Individual members, both from within 
and outside the committees. Importantly complement and supple- 
ment work with the committees. Within the Congress there are 
always a number of members with great knowledge, experience, and 
wisdom in general and special affairs of government. Some have 
particular competer'^e In special fields. Hany se? the total 
legislative-executive-public sentiment comple;. more clearly than 
busy executives. Many can sense political pressure areas or po- 
tentials for conflict of interest before they arise. They have 
trained themselves to do so, and their advice is of great value 
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to those conducting the large special enterprise. The success* 
ful executive knows that It Is Important to maintain relation- 
ships of mutual respect with them. Trust, thus established, 
serves as a basis for frank person-to-person exchanges, for the 
development of an appreciation of respective responsibilities 
and obligations, and for a shared approach to problem solving. 

Such trust is essential in the effective use of the groat powers 
entrusted to a<tainistrators and legislators in our government; 
without it the aggregation of power needed to accomplish great 
tasks would not be possible under our system.^^ 

A particular feature of Congressional involvement in large-scale 
enterprises is that it often takes place in the context of annual budget 
reviews. Uebb is also quite perceptive on the positive and negative fea- 
tures of this process. 

Some students of our federal system argue that our budgetary 
procedures should be so adjusted as to free large and complex 
endeavors from the uncertainties and vagaries of the annual 
authorization-appropriation process. They say that once a 
major undertaking like the space program or an urban renewal 
program is underway, too much is at stake to risk loss in 
momentum or a serious change in direction every twelve months; 
that given the complexity and importance of these things, they 
cannot be intermittently slowed down and speeded up, turned 
on and turned off, or shifted from one course to another without 
great damage and waste of resources; and that arrangements 
should be devised whereby they can be assured of support over 
a term commensurate with the lead time involved in their jobs 
(i.e., three to five years). 

There is much to be said for this view. From the standpoint 
of orderliness and effectiveness in our use of the large-scale 
approach, the ability to plan and operate at a committed 
budgetary level for periods up to several years would yield 
great advantages. Also, a longer period between appraisals 
would allow a more penetrating evaluation of performance and 
enable the endeavor tc rend<:;i' a more meaningful accounting 
than is possible under the annual authorization and annual 
appropriation system. This would better enable citizens to 
understand and judqe the worth of the job being done. On the 
other hand, considering the great concentration of resources 
and power that the large-scale endeavor represents and the far- 
reaching consequences that would follow from abuses, there must 
be effective means to protect the interests of society. A 
large-scale endeavor involving the expenditure of billions of 
dollars, the employment of hundreds of thousands of persons, 
and the reordering of whole communities and many of our great 
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economic enterprises can have a manmoth impact. Unless kept 
under close observation and wise restraint, it could do great 
damage. 

Another student of the budget process. Willis Shapley. has precisely 
portrayed the mixed results of the annual budget process. He notes that 
"it simply has to be recognized, on one hand, that continuity of progress 
requires advance budgetary commitments, while at the same time prudent 
management and healthy skepticism may be fully justified in resisting them." 
Further, 

Only in the case of top priority national programs... do the 
planners have the luxury of drawing up and expecting to be 
permitted to follow an optimum schedule to achieve earliest 
success or miniiman cost. Most projects must accept the delays 
and inefficiencies of reevaluation at each major decision point. 


The desire to be guaranteed support and to be freed from the 
worries of the budget is not peculiar to those concerned with 
research; indeed it is probably the ultimate dream of every 
federal program and bureaucrat.*' 

As Shapley says, the discipline of the budget process, both within 

the executive branch and within Congress, is unlikely to disappear for 

government- funded R&D programs, in order to match program planning to the 

requirements of annual ’"eview, Shapley suggests that program managers 

attach a "special premium on budget and program planning which identifies 

in advance the key comnitraents and decision points ar.J matches them with 

the experimental and study results that will be available." Finally, he 

reminds managers of what should be self-evident: "the best strategy for 

securing support. .. .is -C have a good case and see that it is presented 

18 

clearly and forcefully." 
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7.2 Haqnetic Containment Fusion Program 

Some feeling for the Mays In which the preceding general analysis can 
provide insights into progranmatic aspects of a specific 1ong>range high- 
technology enterprise can be gleaned from applying it to the magnetic con- 
tainment fusion power program. As noted earlier, this program has had a 
recent budgetary cutback, and has reached its current state "through a 

19 

succession of scientific and financial crises." A recent review of the 

fusion program described it "as the only technology to be Identified as an 

20 

energy option before it has shown the ability to produce energy." 

The U.S. fusion program had its origins, in one sense, in the 1952 
explosion of a thermonuclear device*, this demonstrated that enormously 
and rapidly elevating the temperature of gaseous collections of electri- 
cally charged particles (plasma) could set off fusion reactions and conse- 
quent release of fusion energy. The program since that time has, in essence, 
been searching for a more controlled way of releasing such energy. The 
major approach to such control has been attempts to experimentally confine 
plasma using strong magnetic fields and, on the basis of the results of 
such experiments, to design reactors embodying the magnetic containment 
notion. 

The program has developed in two major stages. Before 19/1, there 

was consensus that "scientifically speaking, controlled fusion is probably 
21 

attainable." But to that point, experimental results had been mixed, and 

22 

the program was characterized as "a victim of false early tnthusiasm." 

The then-director of AEC's Division of Controlled Thermonuclear Research, 
Robert L. Hirsch, in 1973 told Congress that "plasma physics is an extreme- 
ly complicated science. We found that out rather embarrassingly in the 
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early years of the program. People looked at it and* with no experience 

on which to judge it* thought the problems were going to be relatively 

23 

easy. And they turned out to be quite difficult." 

But* in late 1971* the managers of the fusion program stopped sayirg 

to Congress "we don't know how to do it," and started to say that with 

sufficient funds a demonstration fusion reactor could be built by 1995. 

New experimental machines were requested and approved* considerable 
money was spent for reactor studies for the first time* and plans 
were made for extensive test facilities to assess the special 
materials and engineering problems of fusion. Each year Robert 
Hirsch* director of the magnetic fusion program during the past 
5 years* stressed new improvements in plasma performance* the 
optimism of the researchers* and the need fcr more money because 
of the intrinsic difficulty of the problem. 

The selling of fusion has been extremely successful. The mag- 
netic fusion budget has exploded from $38 million in fiscal 
1973 to $279 million in the upcoming fiscal year.... 

The rapid buildup of the fusion program coincided with a great 
perceived need for alternative solutions to the energy problem* 
and energy analysts have stopped saying "if" fusion can be 
controlled and started talking about "when” fusion will become 
available. But no fusion machine has come close to producing 
more power than it consumes, and questions about how effective 
various inventions will be at giving the plasma conditions 
(temperature and longevity) needed for a reactor are still of 
paramount importance. 2^ 

By 1976* the fusion reactor program had become an activity of ERDA's 
Solar, Geothermal and Advanced Energy Systems office* and the EROA Division 
of Magnetic Fusion Energy issued an elaborate five-volume program plan 
for Fusion Power by Magnetic Containment (EROA 76/110). This plan described 
a range of program options, but gave most attention to one in which a 
demonstration of a pure fusion central electric power station for commer- 
cial application could be achieved in the "late 1990s" at a cost (in FY 1978 
dollars) of $15.5 billion. It appears at this writing that such an 
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ambitious plan has not Mon the support of the Carter Administration » and 
It 1$ probable that the fusion program will proceed at a less aggressive 
pace. 

This brief and superficial summary of the magnetic containment fusion 
program Is not an adequate basis for an In-depth analysis of the program, 
but It may serve as a basis for some discussion of how the program has 
persisted through a period of little demonstrated success and how, on the 
basis of somewhat limited experimental success, a major development program 
can be prooosed. 

Until recently, the amount of funding required for continuation of the 
magnetic containment fusion program was not large, and the program's efforts 
were In the fundamental and applied research arena much more than In a devel- 
opment phase. In this situation, given the Initial decision to begin the 
program. It was much more likely that the program would continue than that 
It would be terminated. In a sense, the fusion program was small enough In 
resource demands to go unnoticed in the "noise" of the much larger fission 
program. Given a potentially very large payoff, the relative lack of pressure 
for quick returns, the friendly relationships between the Atomic Energy Com- 
mission and the Joint Committee on Atomic Energy, and the Interest of relevant 
portions of the technical community In the program. It was not surprising that 
the program was able to continue even without demonstrated success. There was 
a feeling that funding for fusion research was an investment with long payback 
time and relatively high risk of failure, and these were acceptable conditions 
to those who had to support the program. 

Since 1971, with the emergence of the fusion program as an aggressive 
candidate for a larger share of the energy R&D budget, the situation has 
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been much changed. The coming together of the "energy crisis," the 
creation of EROA and the resulting emphasis on developing a wide variety 
of energy options, positive results from fusion experiments, and a recog- 
nized need for substantially increased resources in order to move to the 
next phases of the program, created a context for the "selling" of the 
fusion program. 

The elaborate program plan for Fusion Power by Hagnetic Containment 
(tROA-76/110), for example, may be seen as an effort at using a strategy of 
"managerial innovation" in gaining support for the program. By explicitly 
noting the conplex, interrelated, and long>term nature of the program and 
by suggesting that the program's managers are in control of these complexi- 
ties and interrelationships, the program plan creates an impression of com- 
petence and direction to the program. Thus, in addition to its obvious 
technical value for program management and control, this document has alsu 
a certain political value. 

Tiiat the selling of the fusion program has not been totally successful 
however, may be suggested by recent budget cutbacks. Although it is not 
possible to specify with certainty wh> the coalition supporting the fusion 
program was not strong enough to prevent such cutbacks, some hypotheses can 
be advanced. For one thing, government- supported energy research projects 
are qualitatively different from space or defense projects in that the 
ultimate user of research results is not the government itself, but the pri 
vate sector. Thus, it is important to the political success of a program 
that relevant users be supportive. There is some indication that this was 
not the case for the fusion program. There were reports in late 1976 that 
'fusion power might become a reality more rapidly if the Energy Research 
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and Development Administration would pay more attention to the demands and 

needs of the utilities that will ultimately run the fusion power plants" 

and that "the tokamak magnetic containment reactors now under Intensive 

study by EROA rre considered by the utilities to be too big, too expensive, 

2S 

and very difficult to maintain.' 

Another problem with maintaining program support may be that Important 
elements of the technical community have been dubious of the aggressive 
manner in which the program was being promoted by its managers. For example, 
one prominent researcher was reported to have said that "what bothers me is 
not that [ERDA] is going Into power production too quickly, but that they are 
selling what is an experiment, which may or may not work, as a ce v" and 
other scientists were worried that the emphasis on early power " jGu. 

"was a gamble that gains support from the Administration and Con_ - ,ow, 
but may sour them on the fusion program if the project is less than 
successful . 

There is also some suggestion that the fusion program is recognized as 
a potential competitor for resources by supporters of other energy R&O pro- 
grams, especially the breeder reactor pri>gram. Some manifestation of this 
appeared as early as 1973 when Representative Mike McCormack, a supporter 
of the fusion program, clash' 1 with Representative Chet Holifield, a 

27 

champion of the LMFBR, over increased funding for the fusion program. 

The attempts to gain support for the fusion program by underplaying 
uncertainties and stressing positive results have created for the program 
risky status, one in which 'Fusion's expanding success coupled with its 
increasingly evident difficulty will remain a hard mixture to manage; it 
could easily inspire false optimism or false pessimism--and, either way. 
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wrong judgotent!^.''^ ^rhaps the primary Insight from this brief analysis 
of the magnetic containment fusion program Is just how difficult Is the 
task of organizing and managing large-scale tecNiologIcal enterprises. 

7.3 SPS Program and Long-Range Planning 

Both the general discussion of how government-supported long-range 
programs are initiated and maintained and the analysis of the magnetic 
containment fusion program are suggestive of Issues that are likely to 
arise during the course of an SPS program. As a multi-billion dollar 
development effort extending over the better part of two decades, the SPS 
program trill require strong and sustained support from a diverse constituency. 
Like the fusion effort, the SPS progrmn will require the support of the elec- 
tric power Industry, and thus the supporting coalition will have to Include 
relevant private sector Interests. Because a wide range of rovemment actors 
will have a stake In program outcomes, the SPS managers will have to be par- 
ticularly skill lul in bureaucratic politics. And because Congress will have 
to he willing to allocate large resources to the SPS program for many years, 
a strong base of Congressional support for the program will be essential. 

There are some characteristics of the SPS program which will have an 
li^ct on how the program relates to its political environment. Perhaps 
foremost among these is the fact that the program is critically dependent 
on the role of man In routine space operations. Manned space activity has 
assumed a symbolic value that probably will transcend its real meaning in 
the 198Cs, and there will be stro^ political opinions with respect to 
support of any program with a majv.r manned element. SPS managers will 
have to decide how best to present the role that man will play in the pro- 
gram's evolution. That an SPS program would also requi'^e developing a 
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■ajor new launch vehicle only complicates the task of gaining support for 
the program. 

AiMther SPS characteristic likely to Influence program support Is the 
highly centralized, large-scale nature of the system. Host applications of 
solar energy have become linked to a decentral Ized approach to energy supply; 
there seems to be a trerid away from dependence on a few large systems for 
providing any crucial aspect of modem life. 

Reliance on space technology to meet a crucial human need such as elec- 
tricity may pose difficult attitudinal adjustments among the public and the 
policy-making connunlty. To date, space has not played a central role «n 
human exlstofice, and tte SPS program may be the first Instance In which 
society has to choose to use space capability for providing a routine 
resource, rather than depend on more conventional. Earth-bound alternatives. 
Ik)w this choice Is presented to society and Its political representatives 
Is obviously of crucial Importance with respect to gaining approval to 
proceed with the program. 

Unllxe the fusion program, an SPS program Is primarily an engineering 
rather than scientific undertaking. The magnetic containment fusion pro- 
gram has persisted to date even though major scientific uncertainties have 
been present; the fusion program has also been In existence for two decades 
without the need for highly visible resource commitments. In contrast, an 
SPS program could require early large commitments of funding In order to 
reduce technical uncertainties and to Initiate development of major hardware 
elements of the program. This suggests that the problems of mobilizing 
support for the SPS program will be significantly different from all but ti»e 
most recent stages of the fusion program. 
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Given that the SPS program impliei dependence on a "nonconventional " 
energy source and will require commitment of major resources well in 
advance of demonstration of system feasibility, the role of economic, 
technical, environmental, and legal/institutional analyses in convincing 
relevant officials to support the program is likely to be critical. These 
analyses are likely to be the focus of discussion and debate as the poll* 
tical system makes and reviews decisions relating to the SPS progrma. Thus, 
supporting analyses will have to be given as much attention as engineering 
performance by SPS managers. 

This analysis began by suggesting that "the strategy of developing a 

long-term technology is one of the most difficult problems the government 

faces.” Nothing said above diminishes that difficulty in the particular 

case of the SPS program. But it also points out where the difficulty lies. 

Finding objectives with high social utility which can be achieved 
by a specific time using technologies... which are based on existing 
knowledge, is not difficult. What is difficult is creating a base 
within the political system which makes it possible for the system's 
leaders, while they are considering whether or not to act, to deter- 
mine if they can obtain and keep the support necessary for a given 
program to be accomplished. "29 

In the final analysis, then, SPS programmatic planning involves risk- 
taking, bureaucratic skill, and the ability to mobilize support— in other 
words, effective leadership. Without such direction, it wiil be extremely 
difficult for a program such as SPS to become reality. 
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8. THE INTERACTION OF SPS WITH GOVERNMENT REGULATORY AGENCIES 
AND MAJOR DEPARTMENTS 

Government regulatory policy has become a pervasive influence in modem 
life. Initially, regulatory controls focused on the economic aspects of 
private sector activities. In more recent years, regulatory influence has 
spread to protection of human health and safety and of the physical environ- 
ment. Thus, it Should come as no surprise that the development of a techno- 
logical enterprise as large as the SPS program Mill involve meeting a wide 
variety of regulatory requirements which are enforced by a number of govern- 
ment agencies at the federal, state, local (and perhaps also international) 
levels. 

This section presents a preliminary schedule of interaction of SPS with 
government regulatory agencies and major departments. A multitude of agencies 
and departments must be involved in an SPS program if SPS technology is to be 
successfully developed and implemented. It is important to identify these 
involvements and to properly schedule them in order to prevent program delays 
in the future. Important areas of concern involve frequency allocation, 
environmental impacts and system regulation. These areas will involve the 
State Department, the Environmental Protection Agency, the Federal Communica- 
tions Commission and others. The involvement of these agencies and departments 
must begin quite soon if an ambitious SPS development schedule is to be 
maintained. 

8. 1 A Preliminary Schedule of Interactions Between SPS and Its Federal 

Environment 

Table 8.1 lists the major ways in which the SPS program is likely to 
interact with its federal regulatory environment, based on the SPS program 
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plan shown In Figure 8.1. The interactions with other, nonregulatory, 
fe<tera1 agencies are also described briefly. The SPS regulatory Interaction 
Is tine phased according to the four phases of SPS program development as 
shown In Table 8.1. 

Table 8.1 does not list potential interactions between the SPS program 
and state or local regulatory agencies, even though such Interactions are 
Inevitable, particularly with respect to such areas as zoning and land use. 
Nor does the table discuss potential International regulatory Interactions. 
At present, regulatory regimes at the International level are not well- 
developed In most sectors (frequency allocation and perhaps orbital slot 
allocation through the MARC being an exception); however, the SPS program 
Is one of a oup of technological developments that seem to require 
regulation at tne International level (for example. In terms of global ef- 
fects of the microwave beam on the atmosphere) in order to function in the 
public interest. 

The SPS program also seems to present some new regulatory challenges 
which need to be examined carefully if the program moves past the systems 
definition and exploratory technology phase. Some insight into the nature 
of these challenges may be derived from the following questions: 

1. The SPS program poses potential threats to human health and 
safety (and also to nonhuman life) on earth from operations 
which take place in outer space, beyond national boundaries. 

Who has regulatory responsibility for ensuring that routine 
operations in cuter space do no harm on earth? 

2. Similarly, who is responsible for protecting the troposphere, 
ionosphere or stratosphere, particularly when the impacts of 
activities carried out by one nation or its citizens affect 
citizens of other countries? 


166 




Figure 8.1 Space Solar Power Projected Program Phasing (Source: Initial Technical, 

Environmental and Economic Evaluation of Space Solar Power Concepts, 
Volume II — Detailed Report, JSC 11568, NASA Lyndon 5. Johnson Space 
Center, Houston, Texas, August 31, 1976, p. X-2. 








3. How are SPS program managers to anticipate and take account of 
the requirements of new International regulatory agencies which 
may be In place before the system becomes operational? Is opera- 
tion of the system by commercial entitles of one nation likely 

to be possible under the International political regulatory 
conditions of the 1990s? 

4. Wliat regulatory requirements will apply to Impacts on hwnans 
who are routinely functioning In space as operators or main- 
talners of an SPS system? For example, will occupational 
health and safety standards be established? Will requirements 
for equal employment opportunity apply? 

These questions are meant to be suggestive, not all-inclusive. What 
they do Imply Is that the task of bringing Into existence a large-scale 
technological system with potentially great benefits, but also with poten- 
tially widespread and/or significant risks and costs, will be Increasingly 
difficult In a world sensitized to the need to guard against abuses against 
the "global ccxnmons" or against individuals or the physical environment, 
when costs are likely to be Incurred by others than those to whom the sys- 
tem provides benefits. 

In Table 8.1, interactions are identified at the point they are most 
likely to actually occur. This Implies anticipatory analyses to ensure that 
the program's activities can meet regulatory requirements at the point in 
time they are applied. For example, the biological impacts of the microwave 
beam should be identified during the system development and exploratory tech- 
nology phase (as is planned), but the actual point at which those impacts 
must not exceed allowable levels will not come until late in ^he technology 
advancement phase, when the space subscale test is conducted, or perhaps not 
even until full-scale operation begins later in the program's development. 

In addition to the interactions called out in Table 8.1, the agency or 
agencies with primary management responsibility for the SPS will have to 



prepare preliminary and final environmental impact statements for the over- 
all system and probably for its major elements (HLLV, rectennas> new launch 
sites, etc.)* Preparation of these impact statements will be an on-going 
process, particularly during the technology advancement and system develop- 
ment phases. The impact statements will be reviewed by a wide range of con- 
cerned agencies within the executive branch (as well as by others outside 
government), and thus will provide an occasion for interaction between the 
SPS program and regulatory agencies. The Council on Environmental Quality, 
located in the Executive Office of the President, is responsible for manag- 
ing the impact statement review process. 

Finally, development of an SPS system, as earlier portions of this 
report indicate, will involve both national security and foreign policy 
considerations. International agreements on topics like frequency alloca- 
tion and orbital slot allocation will be required. The development phases 
of the program should be carried out in the context of some understanding 
of the mix between International and national ownership and management 
responsibility for operational SPS systems. These and other considerations 
suggest the need for continuing interaction through the phases of the pro- 
gram among the program’s managers, the Department of State, the Department 
of Defense, and most likely the National Security Council and the Office of 
Science and Technology Policy in the Executive Office of the President. 


169 



APPENDIX A 

{Zxmptfd from Xattr&attoaAl LcstX Mtttrlali. ToL X 4, Jalj 19T1. p. M 

CoNvtxno:; os Istbrsatiosjo, Lubimtt for Damage Cacseo bt 

Sface Objects* 

ITu &ata PartU$ to thit Contention, 

Iteeof^niting the commoo interest of all mankind in furthering the 
ex^oration and use of outer ^ace for peaceful purposes, 

Recalling the Treatj on Principles GoFeromg the Activities of 
States in the Exploration and Use of Outer Space, including the 
Moon and Other Celestial Bodies, 

Taking into eonsiieracion that, notwithstanding the precautionarv 
measures to be taken by States and intemauonal inter^vemmental 
organizations involved in the launching of space objects, damage may 
on occasion be caused by such objects. 

Recognizing the need to elaborate effective international rules and 
procedures concerning liabilitv for damage caused bv space objects 
and to ensure, in particular, the prompt payment under the terms of 
this Convention of a full and equitable measure of compensation to 
victims of such damage. 

Believing that the establishment of such rules and prot lures will 
contribute to the strengthening of international co-operat n in the 
field of the exploration and use of c-.^er space for peaceful purposes, 

Have agreed on the following: 

Article I 

For the purposes .! this Convention: 

(a) The term “damage” means loss of life, personal injury or other 
impai'ment of health; or loss or damage to property of States or 
of persons, natural or juridical, or property of Internationa’ bter- 
govprnmcntal organizations; 

(j) The term “launching” in ludes attempted launching; 

(c) The term “launching Stuut” means : 

({) A State which launcLuJS or procures the launching a space 
object; 

(ii) A State from whose territorj’ or foci’dty a spac-. object is 
launched; 

I'd) The term “space object” includes component parts of a space 
object as well as its launch vehicle and parts thereof. 

Article II 

A launching State shall be absolutely liable to pay compensation for 
damage caused by its space object on the surface of the earth or to 
aircraft in fiig'nt. 

*GtatrmI iJ« 3 bly Xtsol’iilca TTt: 29 NoTtmber ITU. 


170 


^^RIGINAL page J3 

OF POOR QUAUTU 



ORIGINAL PAGE IS 
OP POOR q ual ity 


Artkk 111 

In the erent of daauige bein^ caused e]«etrhere~ than <« the surface 
of the earth to a space object m one launching State or to persois or 
property on board such a space object by a ^ace object of another 
faunciung State, the latter wall be liable only if the damage b due 
to iu fault cr the fault <d persons for whom it b responsible. 

Artidt JV 


1. In the eveot of damage being caused ei^^srbcre than on the surface 
ui the earth to a space object of one bunching State or to person^ or 
property on board such a space object by a space object of ancther 
launching State, and of damage thereby brfng caused to a third State 
or to its natural or juridical p^sons, the first two States ^all be knntly 
end severally liable to the third State, to the extent indicated by the 
fMlowixie: 

(a) If'the damago h been caused to the third State <m the surface 
of the earth or to aircraft in flight, theb liainli^ to the third State 
rfiell be absolute; 

(b) If the dam^ has been caused to a space object of the ^lird State 
or to perstms or propert:^' on board that space object elsewhere than 
on the surface of the eanh, thbr ti<ibility to the third State shall be 
based on the fault of either of the first two States or on the fault of 
persons for whom cither is responsible. 

2. In all ca es of it^it and ^vera! liability referred to ht parasrapli 
1. the burden of compensation for the damage shall be apporuoned 
between the first two States in accordance with the extent to which 
they were at fault; if the extent of the 'ault of each of these States 
cannot be established, the burden of corauensation shall be apportioned 
equaiiy between them. Such appordon.'nent shall be without prejudice 
to the ri^ht of the third State to seek the entire compensation due under 
this Convention from any or all of the launching States which ai..- 
jointly and severally liable. 

Article X’’ 

1 . Whenever two or more States jointly launch a space object, they 
shall be jointlv and^veralJy iiabl.; for any damage caused. 

2. A launching State which has paid compensation for damsg' 
shall have the right to present a claun for indemrifioadon to erh^r 
panicipants in the joint launching. The participants in a joint launch- 
ing may conclude agreements regarding the apponioning among 
themselves of the financial obligation in respect of which they are 
jointly end severally iiable. Such agreements shall b, iir.oui p;ej- 
udice to the right of a State sustaining damage to seek the emir- 
compensation due under this Convention from any or all ol the launch- 
ing States which are jointly end severally liable. 

3. A State from rrhos. territory or facility a space objert is launched 
shall be regarded a.s a participant in a joint ’'uaching. 

Article VJ 

!. Subject . Ji? provision* of paragraph 2. exoneration from 
ab-olut€ Habiiity >hal! b.' granted to the extent thet a launching 
State esttblishe’s th.at the d-mage has resulted either whohy or 
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ptrtidly from jross nejiiseace or from oa *et or onussion done with 
mttnt to cause damage oo the part of a claimaat State or of oacurel 
or juridical persons it represents. 

2. No exoneration whaterer snail be granted in cases where the 
damage has resulted from icdTities conducted by a launchii^^ 3ute 
which are not in cooformicr with intetnationai iaw indudtng, m par> 
deular, the Charter of the’ United Nations and the Tre^ on rtixi- 
dples r>ov«.ming the Activities of States in the Exploration ^d Use 
of Out A Space, mcluding the Moon and Other Celestial Bodies. 

ArtieUVII 

The provisions of this Convention shall not »pply to damage caused 
by a space object of a launching Sute to: 

(a) Nationals of that launcoing State; 

(&) Foreign nadtmals during such dme ss they are pat^padng 
in the operadon of that space object from the dme of its 
launching or at any stage thereafter undl its descent, or 
during such dme os they are in the immediate vicinity of a 
{danned launching or nmverr area as the result of an in- 
vitadoo by that launching State. 

ArtieU VIII 

1. A State which suders damage, or who^ie oattL-al or 'uridica! 
persons suner damage, may present to a launching State a claim for 
compensadon for such daman. 

2. ' If the State of nadooimty has not presented a claim, another 
State may. in respect of damage sustained in its territory by any 
natural or juridicu person, present a claim to a launching State. 

3. If neither the State of nationality nor the State in whose territory* 
the damage wa« sustained has presented a claim or nodded its in> 
tention of presenting a claim, another State may, in respect of dam^e 
sustained by its permanent residents, present a claim to a launching 
State. 

Artidi IX 

A claim for compensation for damage shall be presented zo a launch* 
ing State through diplomatic channels^ If a State does not maintain 
diplomatic relations with the launchinc State concerned, it may request 
another State to present ciaim to that lauacliing State or otherwise 
represent its interests under this Conrentioc. Is may aisc preseij ' its 
claim through^the Secretary-General of the United Nations, provided 
the ciaimant State and the’ launching State are both Members of the 
United Nations. 

Artide X 

1. A claim for compensation for damage may be prese.nted to a 
launching State not later than one year following the date of the oc- 
currence 01 the damage or the identification of the launching State 
which is liable. 

2. If. however, a State does not know of the o«.currenc? of the dam- 
age or has not been ab'e to identify the launching State which is liafaie. 
it may present a claim .vithia one year following the date on which it 
leamel o» the aforementioned facy; however, this period shail in 
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no event exceed one veer foOowing the dete mi iriiich the Stete 
could reesonehly be exited to here leetned of the facts throu^ the 
exercise of the due dil^ence. 

3. The time>Iimits siecified in peregrephs 1 end 2 shell eP|^ even 
if the full extent of tne demege mey not be known. In this event, 
however, the deiment Stete shell be entitled to revise the ddm end 
sulunit ^ditional documentation after the expiration of «ich time* 
limits until one year after the full extent of the demege is known. 

Artidt XI 

1. Presentedon of a daim to a launching Stete for con^ieosatioo for 
damage under this Convention shell not require the prior exhaustion 
of any local rem^ies which mey be avefleble to a claimant State or to 
natural or juridicel persmis it fepresoits. 

2. Nothing in this Convention shall prevent a State, or natural or 
juiidka! pd^ns it might represent, from pursuing a dam in the 
courm or administrative tribunals or agmctes of a launching State. A 
State shall not. however, be entitled to present a claim under this 
Convention in respect of the same daxn^ for which a daim is being 
pursued in the courts or edministrative tribunals or agendm of a 
launching State or under another international i^yeement which is 
binding cn the States concerned. 

Artidt XII 

The compensat: n which the launching State shall be liable to pay 
for damage under this Convention shall oe determined in accordance 
with internarional law and the prindples of justice and equity, in order 
to provide such reparation in respect of toe damage as iral restore 
the person, natural or juridicaL State or iatemationd organization on 
whose behalf the daim is presented to the condition which would have 
existed if the damage had not occurred. 

Article XIII 

Unless the claimant State and the State from which compensation 
i~ due under this Convention agree on another form of compensation, 
the compensation shall be paid' in the currency of the claimant State 
or. if that State so requests, in the currency of the State from which 
compensation .s due. 

Ar. ieU XIV 

If no settlement of a claim is arnved at through diplomatic negotia- 
tions as provided for in .arhcle IX. within one year from the date on 
wr.ich the claimant State notifies the launching Su.te that it has sub- 
mitted the documentation c? its claim, the parties concerned shall 
estaolish a Claims Commission at the request of either party. 


Article XV 

I. The Gaims Commission shall be composed of three members: 
one appc'inted by the clairnaat State, one appointed by the launching 
State and the third member, the Chairman, to be chosen by both 
parties jointly. Each party shall make its appointment within two 
months of the request for the establishment of the Claims Commission. 
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3. If no •greemeot is reached oo (he choice of the Cheinnaa within 

four monchs of the request tor cstabtishment of the Q«in» Com* 
minion, either party tuy teqwst the Secretai7>Ge3erai cl the 
United Nadons to appoint die C^irman within a further period of 
two nionche. 

ArtidtXVI 

1. U one of the parties does cot make its appointment wiihin the 
stipulated pniod. the Chairman shall, at the ^uest of the oth*r party, 
constitute a sin^e-member Claims Commission. ^ 

2. Any eacancT which may arise in the Clmms Comicissioa for 
w^terer reason sliall be filled' by the same procedure adopted for the 
original appomtment. 

IS, The Odms Commissioa shall determine its own procedure. 

4. The Cleims Commission shdl determine toe ^ace or places 
irimre it ^*11 sit axui all other adiD'‘'.,atTatiTe matters. 

5. Except in the case of d<^nsici s md awards by a »n|^e*member 
Commission, all decisions and awat> vf *ha Claims Commissioa shall 
be fafT maiocitv rote. 

ArtUUJTVII 


Xo increase in the membership of ^ Claims Commission shall take 
place by reason of two or more ciaimant States or launching States 
oei^ Joined in any one proceeding b^ore the Commisdon. The 
ciaimant States so joined shall coUeedvdy appoint one member of 
the Conunission in the same manner and* suofect to the seme con- 
didoos as would be the case for a dn;le cleimant State. When two or 
more launchinz States are so joined, they shall coUeedrely appoint 
one member of the Commission in the same way. IT the' clainiant 
States or die launching States do not make the appointment within 
the sdoulaced period, the Chairman shall constitute a sia^e'Siember 

Commission. 

Artide XVIII 

The Claims Commis»on shall decide die mciits of the claim for 
compensation and determine the amount o. compeasat’oti payabte,. 
it anv. 

ArtieU XIX 

1. The Commission snail act in accordance with the pro^ions of 
krdde 331. 

2. The decision of the Commissioa shall be final bindieg if the 
parties have so agreed; otherwise the Commissioa shail render a dna' 
and recommendatory award, which the parties shall consider in good 
faith. The Comnussion shall state .ae reosona for its decision or award. 

3. The Commission shod give its decision or award os prompcly as 
possible and not later than one year from the date of its estabiishinent 
unless in extension of this period is found necessary by the Commission. 

4. The Commission shall make its decision or award public. It shall 
deliver a certified copv of its decision or award to each of the parues 
and to the Secretary-Ceneral of the United N ctions. 

ArticU XX 


The expenses in regard to the Claims Commission shall be borne 
equally by *be parties, uniess otherwise decided by the Commission. 
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. Artidc XX J 

If the dtmage caused by a space <^ject presents a large*scale damage 
to human life or seriously interferes vitn the living conditions of the 
population or the functioning of vital centres, the States Parties, and in 
particular the launching State, shall examine the mobility render* 
mg appropriate and rapid assistance to the State x^cb has suffered the 
damage, xrben it so iMuesis. However, ncthing in this article shall 
affect the rights or obligations of the States Parties under this 
Convention. 

ArtickXXII 

1. In this Convention, with the esceprion of artides XXIV to 
XX\1I. references to States shall be deemed to apply to any inter* 
national intergoverrmental organization which conducu space 
activities if the organization dedares its accepunce of the riots' and 
obligatioDS provide for in this Convention and if a maioritv of the 
States memoeis of the organization are States Parties to this Conven- 
tion and to the Treaty on Princmies Gorenticg the Activities of 
States in the Exploration and Use of Outer Space, including the Moon 
and other Celestial Bodies. 

2. States members of any such organization which are States Parties 
to this Convention shall twe all appropriate steps to ensure that the 
organization maker a declaration in accordance xrith tiie preceding 
paragraph. 

3. If an international iotergovemmenlal organization is liable for 
damage by virtue of the proxnaons of this Convention, that organi- 
zation and those of its members which are States Parties to this 
Convention diall be jointly and severally liable; provided, however, 
that: 

(o) Any claim for compensation in re^c: of such damage shall 
be nrs: presented to the organization: 

(s> Only where the otpinizatioc has not paid, within a period of 
six months, any sum agreed or determined to bc^due as com- 
pensation for such damage, may the daimant State invoke 
the liability of the mem* .“S which are States Parties to this 
Convention for the payment of that sum. 

4. Any daim. pursuant to the provisions of this Convention for 
compon-ation in respect of damage causeC to an orranizaiion which 
iiB- made a declaration in accordance with paragraph 1 of th:- aru;;,e 

be presented by a State member of the organizztion which is a 
State Pany to this Convention. 

AnicU XXIII 

j. The provisions of this Convemioc shall not affect oth-rr inter- 
national agreements in force insofar as relations between the States 
Parties :o such rrreemenis are concerned. 

2. No provision of this Convention shall prevent States t.*cm coi-- 
oUiding iEffrnaiionai agreements reaSrming. supplementing or exiena- 
in!rii<ipiox».ions 

Articif XXIV 

1. This Convention shall be open lo all States ;cr signature Any 
State which does not sign this Conventior before its entr.- into force 
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in accordance with paragraoh 3 of cbii article may accede to it at 
any time. 

^ 2. This CooTention shall be subjecr to radficatioa by signatorv 
States. Instruments of ratification and inacmaiencs of accession shall 
be deposited with the Goveraments of the United Eaogdom of Great 
Britau and Northern Ireland, the Union of Soeiec C-ociaiUt Re- 
publics. and the United States of America, which are iureby de«gnated 
the Depositary Goeemments. 

3. Tnis Coneention shall enter into force on the deposit of the 
fifth inssaunenc of racificatioa. 

4. F<w States whose instruments of ratificatioa or accession are 
deposited subse<ment to the entry into force of this Conventioa, it 
shall wter into lorce on the date of the deposit of their instruments 
of ratification or accession. 

5. The Depo^tacy Goremments shall promptly inform all »gn*i<^(y 
and acceding States of the date of each signature, the dace of depu>it 
of each instrument of ratificatioa of and accession to this Conventioa. 
the ware of its entry into force and ocher notices. 

6. This Conventioa shall be registered by the Deposita^ Govem- 
m«nts pursuant to Article 102 of toe Charter of the Ucuted Nations. 

ArtieUXXV 

Anv State Party .o this Convention ma« propose amendments to 
tlus Conventioa. Amendments shall encer'inco force for each State 
Party to the Coo'^entioa accepong the amendments upon their ac- 
cepi^ce by a majority of the State Parties to the Conventioa and 
thereaffer- for each remaining Suce Party to the Convention on the 
date of acceptance by it. 

Articu xw; 

Ten years after the entry into force of this Convention, the question 
of the re-, .ew of this Convention shall be inciuded in the provisicnol 
agenda of the United Xatioos General .A 5 ?«aibly in order to consider, 
in the light of past application of the Conventior. whether it requi.-e^ 
revision. However, at any time after the Convention has been in force 
for five years, and at the request of one-third of the States Parties to 
the Convention, and with the concurreace of the majority of the States 
Parties, a conference of the Sutea Parties snail be convened to review 
this Convention. 

Artick XXVII 

Any State Party to this Convention may ^ve notice of ijts with- 
drawal from the Convention one year after it« ent^' into force by- 
written notincation to the Depositaity Govern enta. Such withdrawal 
shall take erTect one year from the date of receipt of this notification. 

Artidi XXVIII 

This Conveacion. of which the English, Russian. French. Spanish 
and Chinese texts are equallv authentic, ^hail be deposited in :ue 
archives of the Depositary Governments. Duly ce"'fi^ cop.cs of 
this Convciiiion ihail oe transmitteti by the Depositaiv Goverr..'uen:-. 
to the Governnients of the -ignatory a.nd acceding S'ates. 
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IX \TIT>rE5S WHEREOF the uodersigned, duly tuthorized. 
signed this Convention. 

DOXE in nt the cities of London, M(»cov and Wash- 
ington, the day of one thousaikd nine hundred 

and 
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APPODitX-B^ 

UriXTSD Natio^ts GexsKAA Assublt 

(Twtatr-^inftti wwion 

Afcad* turn 32. Xotr. 2«. t9T4l ' ' 

BssoLtrntfK Jldoptsd at tbs Ge^tsbas Asssscbet 
(Oa the report of the First Coounittee (A/9812)] 

323S.jCCS^> Coarmtum oa Regiitntim of Object$ Zaiunehed into 
OuUrSpdu 

Tht G^tr^^-ssemUy, 

B<ajf&7ntn^.. the importance 'of. intematioael co^perstioa in the 
field of the explbratioa and peaceful uses of outer space, including 
the Moon and other celestial bodies, anc of promoting the rule of 
lav in this nev field of human endeavour, 

Dtsirytg, in the light of the Treaty on P^ciples Governing the 
Activities of States in the Eiploration and Use of Outer Space, 
tneiudW the Moon and Other Ceiestid Bodies,' the Agreement 
on the^:Aescue of Astronauts, the Return of Astronauts and the 
Return of Objects Launched into (Duter Space * and the Convention 
on International Liabilicj for Carnage Caus^ b;- Space Objects,' 
to make provision for registraUon bv launching States ot space objects 
launched into outer space vith a viev, inter alia, to pronding States 
with additional means and procedures to assist in the idencincaticn 
ot space objects, ^ ’ 

^Hearing in mind its resolutiou 3132 (XAVlH) o: IS December 1973, 
in vhich it requesteu the Committee on the’Pef.ceiul Uses of Outer 
Soace CO cooler as a matter of priority tim compietiou of the test 
of the draft Convention on Registration orObjects Launched into 
Outer Space, 

Satring considered the report of the Committee on the Peaceful 
Uses of Outer Space.* 

iVorinp sati^action that the Committee on the Peaceful Uses 
of Outer Space and its Legal Sub-Committee have comoieted 'he text 
of the draft (TonTendon on Registration of Objecu Launched into 
Outer Space, 

1. Commends the Convention on Registration of Objects Launched 
into Cuter Space, the text of which is annexed to the present resolu- 
tion; 


I A83*ablF rtsoiotloa :XXT). »n&«x. 

* G«e«nl A48#znt>l7 rrsoiuuon w4g > XXtri . arccx. 

3 Gtatiml .U8«nt>l7 rviomfion .rrr fXXVD. &&nex. 

• O^eis^ JUc»U tU GrTviToi Sv^innmt .V®. fO f.V.0620). 
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• 

2. Requests the Secreun'-Generti to 0 }>e& the Conventioa for 
sijmeture end retihcatioD at the earliest possible date; 

3. Ezjfresses hope for the widest possible adherence to this 
Convention. 

[2280th pteharv beetiat Novcgaher 1074] 

''' Awkxx 

Coneeation m Ssqistration Objects Laun.<Asd tato Outer Space 
The States Parties to tkis Cbneeruion,. 

Reeognizinq the common interest of all mankind in furthering the 
exploration and use of outer space for peaceful purposes, 

Jleeallinq that the Treaty on Principles Governing the Acrivities 
of States in the E^Ioration and Use of ^ter ^oce, indudix^ the 
Moon and Other Celestial Bodies of 27 January 196/ aSnns that States 
shall bear international responsibility for their national activities in 
outer space and refers to the Sute on whose regUtry an object launched 
into outer space is carried, 

ReeaUing also that the Agreement on the Rescue of Astronauts, 
the Return of Astronauts and the Return of Objects Launched into 
Outer Space of 22 April 196S provides that a launching authorin' 
shall, upon request, furnish idenuf\'ing data prior to the return of an 
object it has launched into outer space found beyond the territorial 
limits of the launching authority, 

Recalling further that the Convention on International Liability for 
Dfuaage Caused by Space Objects of 29 March 1972 establish^ in- 
temauonai rules and procedures concerning the Kability of launching 
States for damage caused by their space objects. 

Desiring, in the light of the Trea^ on Prmciples Governing the 
Activities of States m the Exploration and Use of Outer Space, in- 
cluding the Moon and Other Celestial Bodies, to make provision for 
the nauooal registration by launching States of space objects launched 
into outer space, 

Desiring further that a central register of objects launched into 
outer 'pace be established and muhtained, on a mandatory basis, 
by the Secretary^General of the United Nations, 

Desiring also' to provide for States Parties additional means and 
procedures to assist in the identification of space objects. 

Believing that a mandatory system of registering objects launched 
into outer space would, in particular, assist 10 their identification and 
would contribute to the application and development of inten.auonal 
law governing the explorauon and use of outer space, 

Have agreed on the following: 

Article 1 

For the pu.’-poses of thL Convention: 

(c) The term “launch’ng State” means: ' 

^i) A jtate which launches or orocures the launching of a space 
object; 

(ii) A State from whose territoiy or facility a space object is 
lanchcJ: 

fh'l Ine term ‘‘space object” includes ''omponen; parts oi a »pace 
ob’ect as well as its launch veliide and parts hereof; 
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(e) The term "Scete of regl«trv'* meeru & launching State on whose 
registry a space object U carried in accordance with article II. 

ArtieU II 

1. When a space object is launched into earth orbit or beyond, the 
launching State shall regisur the ^ace object by means of an entry 
m an appropriate registry which it shall maintain. Each launching 
State shall iuonn the Secretary-General of the United Nations of the 
establishment of such a regisiry. 

2. Where there are two^ more launching States in respect of any 
such space object, they shall jointly determine which one of them 
shall register the object in accoraance wit h parag: iph 1 of this article, 
beatin^in mind the provisions of article Vtn of the Treaty on Prin- 
ciples deeming the Activities of States in the E.xploration and Use 
of Outer Spar'-, including the Moon ana Other Celestial Bodies, and 
without prejudice to appropriate^ agreements concluded or to be 
concluded among the launching States on jurisdiction and control 
over the space object and over any personnel thereof. 

3. The contents of each registry and the conditions under which it is 
maintained shall be detenmned by the State of registry concerned. 

ArtieU III 

1. The Secretary-General of the United Nations shall maintain a 
Register in which the information iumished in accordance with 
article W shall be recorded. 

2. There >hall be full and open access to the information in this 
Register. 

Artide IV 

1. Each State of registry shall furnish to the Secretary-General 
of the United Nations, as soon as practicable, the following 'niorma- 
tion conceniing each spac^object carried on its registry; 

(a) Name ot launchmg State or States; 

(b) An appropriate designator of the apace object or its registration 
number; 

(c) Date and territory or location of launch; 

(d) Basic orbital parameters, including: 

(i) Nodal period, 

(ii) Inclination, 

(iii) Apogee. 

(iv) Perigee; 

(e) General function of the space object. 

2. Each State of registry mav, from time to time, provide the 
Secretary-General of the United Nations with additional information 
concerning a space object carried on its registry. 

3. Each State of registry shall notify the’ Secretary-General of 
the United Nations, to the greatest e.Tt'ent feasible and as soon as 
practicable, of space objects concerning which it has previousLy 
transmitted information, and which have been but no longer are in 
earth orbit. 
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ArtieleV 

Whenever ft spftce object leunched into e&rth orbit or bejond is 
merked with the designstor or registrfttioa number referred to in 
ftrdcle IV, per^xph 1 (b), or both, the Stftto of registry shell notify 
the Secretftiy-GMietftl of this feet when submitting the infonnetion 
regsrding the specs object in eccordence with erticle IV. In such 
Cftse, the Secretftiy*Gener«l of the United Netions shell record this 
notificetion in the Register. 

ArtidtVJ 

Where the epplicetion of the prorisions -of this Convention hes 
not enebled e Stete Perty to identify e spece object which hes ceused 
demeee to it or to eny of its netuxsl or Juridicel. petsems, or which 
mev be of e hexerdous or deleterious netore, other States Parties, 
including in perticuler States possessing spece monitoring and track- 
ing facUrdes, ^all respond to the greatest ext^t feasible to a request 
by that State- Par^, or transmit^ through the Secretanr-General 
on its behalf, for assistance under equitable and reasonable condi- 
dons in the identification of the object. A State Party making such 
a request sludl. to the greatest extent feasible, submit informadon 
as to the time, nature and circumstances of the events giving rise to 
the request. Arrangements under which such assistance shall be ren- 
dered shall be the subject of agreement between the pardes concerned. 

ArtideVIJ 

1. In this Convenden, with the excepduo'of ardcles VIII to XII 
inclusive, references to States shaU be deemed to apply to any inter- 
national intergovernmental organization which conducts space activi- 
ties if the organization declares its acceptance of the rights and obliga- 
tions provided for in this Convendon and if a majority of the States 
members cf the organizadon are States Pardes to this Convendon 
and to the Treaty on F^ciples Governing the Aedvities of States 
in the E.vploratioh and Use of Outer Space, including the Moon and 
Other Celesdal Bodies. 

2. States members of any such organizadon which are States 
Parties to this Convention shall take all appropriate steps to ensure 
that * e organizadou makes a deciaradon in accordance with para- 
grapt. 1 of this ardcle. 

.. ArtieUVIIl 

1. This Convention shall b» open for signattire _by ali States at 
United Nations Headquarters in New YorS- Anv State which does 
not sign this Convendon before its entrv into force in accordance 
with paragraph 3 of this article mav accede to it at any time. 

2. This Convention shall be subject to ratificadon by signatorv 
States. Instruments of_ratification and instruments oi accession shall 
be deposited with the Secretary-General of the United Nations. 

3. This Convendon shall enter into force amone the States which 
have deposited instalments of ratificadon on the deposit of the fifth 
such instrument with the Secretary-General of the United Nations. 

4. For States whose instruments of ratification or accession ere 
deposited subsequent to the entr}’ into force of this Convention, it 



shall SQter into force on the date of the deposit of their instruments 
of ratincation or accession. 

5. The SecretarV'General shall promptly inform -all signatory and 
acceding States of the date of each signature, the date of deposit of 
each instroment of ratification of and accession to this Convention, 
the date of its entry into force and other notices. 

Artid* IX 

State Party to this Convention may propose amendments to 
the Convention. Imendments shall enter into lorce for each State 
Party to the Convention accepting the amendments upon their accept* 
ance by a majori^ of the States Parties to the Convention and 
thereafter for each remainii^ State Party to the Convention on the 
date of acceptance by it. 

AnicUX 

Ten years aiter the entry into force of this Convention, the question 
of the review of the Convention shall be included in the provisional 
^enda of the United Nations General Assembly in order to consider, 
in the light of past application of the Convention, whether it ;^uires 
revision. However, at any time after the Convention has been in force 
for five years, at the request of one third of the States Parties to the 
Convenuon and xvith the Concurrence of the mejority of the States 
Parties, a conference of the States Parties shall be convened to review 
this Convention. Such review shall take into account in particular any 
relevant technological developments, including those relating to the 
identification of space objects. 

. Artide XI 

Any State Partv to this Convention may give notice of its with* 
drawal from, .the Convention one year after its encrv into force by 
written notification to the Secretan'-General of the United Nations. 
Such withdrawal shall take effect one year frcni the date of receipt of 
this notification. 

Artide XII 

The original of this Convention, of wiuch the Arabic, Chinese, 
Eneiish, f^nch, Russian wd Spanish te.vts are equdly authentic, 
shall be deposited with tbc~5ecretary*General of the United Nations, 
who shall send certified copies thereof to all signatory and acceding 
States. 

IN WITNESS WHEREOF the undersigned, being duly authorized 
thereto by their respective Governments, have signed this Conven- 
tion, opened for signature at New York on . . . 
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APPENDIX C 
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Tuatt ok Psikciplk Gotebkino the Activities of States ik 
TBB Exploration and Use op Outer Space, Including the 
Mom and Other Celestial Bodies 

Text Analtsis op Treatv 


The StKtcs Ptities to Otis 
Tkeety, 

Inspired bv the gteeC prospects 
opening up oefore msnKmd its a 
mult of men's entry into outer 
space, 

Recognizing the common in- 
terest of ell mankind in the pro- 
gress o£ the exploration and use 
of outer apt ce for peaceful pur- 
poses. 

Believing that the exploration 
and use of outer space snould be 
carried on for the benefit of all 
peoples irrespective of the degree 
of their economic or scientific 
development: 

Desirmg to roatribute to broad 
international cooperation in the 
scientific as \reli as the legal 
aspects of the exploration and use 
of outer space for peaceful pur- 
poses, 

Believine that such co-operation 
trill contrSute to the develop- 
ment of mutual understanding 
and to the strengthening of fxiend- 
ly relations between states and 
peoples, 

Recalling resolution 1962 
(XVTII), entitled “Declaration of 
Legal Principles Governing the 
Activities of States in the Explor- 
ation and Use of Outer Space”, 
which was adopt^ unanimously 
by the United Nations Gener^ 
Assemblv on 13 December 1963, 

Recaliins resolution 18S4 
(XWII). calling upon States to 
refrain from placmg in orbit 
around the Earth any objects 
caiTving nuclear weapons or an}* 
other rands of weapons of mass 
destruc'ion or from installing such 


The treaty's statement of policy 
and purpose is almost identical in 
wording to that iu the Dedara- 
lion of Legal ftinriples Governing 
Activities of States in the Ex:. 'ora- 
tion and Use of Outer Space, 
United Nations resolution 1962 
(XVni) which passed the General 
Assembly unanimously on Decem- 
ber 13, 1963, This resolution 
represented the evolution of think- 
ing and negotiation within the 
United Nations on the peaceful 
uses of outer space beginnii^ in 
193S. Resolution 1348 (Xltl), 
adtmted bv the General Assembly 
on LlecemSer 13, 1958, empbosi^ 
the common interest of mankind 
in outer space and the desire to 
avoid extending national rivalries 
into this new field which should be 
used only for peaceful purposes 
for the 'benefit of all people. 
Continued neerotiation through the 
years led to the adoption of addi- 
tional resolutions designed to en- 
sure peace in the outer spaca 
environment; 137S (XIV) No- 
vember 20, 19.59; 1472 fXn'> 
December 12. 1959; 2721 (Xl*l; 
December 20. 1961; 1802 (XHI) 
December 19. 1962: 1S.S4 (XVIII) 
October 17, 1963; 1962 (XVIII) 
December 13. 1963; and 1963 
(XVIII) December 13, 1963. 

With the exception of the 1958 
resobuion. all others were passed 
by the una .imous vote of the 
General A?rembly. The treat} 
essentially codifies the official po- 
sition on outer space of member 
states of the United Nations, a 
position which devel'>ped into a 
c< nsensus diwing the past 9 yea’s. 
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. EXPLORATION AND USE OF OUTER SPACE 

Text Analysis or Treaty 


weapons on celestial bodies, which 
was adopted uninimouslv by the 
United Nations General Assembly 
on '7 October 1963, 

Jung account of United Xa- 
tious General Assembly resolution 
110 (II) of 3 November 1947, 
which condemned propaganda de- 
signed or likely to provoke or 
encourage any threat to the peace 
l»CRc\ of the peace or act of 
aCTeasion, and considering chat, 
the aforementioned resolution is 
applicable to outer space. 

Convinced that a Treaty on 
Prindples Governing the Activi- 
ties of States in the Exploratlm 
and Use of Outer Space, including 
the Moon and Other Celestial 
Bodies, will further the Purposes 
and Pr^ciples of the Charter of 
the United Nations, 

Have agreed on the following: 

ARTICLE i 

Th<» exploration and use <»f fiuter 
space, including the moou ana 
o»her celestial bodies, shall be car- 
:i*d out for the benefit and in the 
interests of all countries, irrespec- 
tive of their degree of economic or 
scientific development, and shall 
be the province of all mankind. 

Out.r space, including the 
and other celestial bodies, rf:all he 
free for exploration and u&e by all 
States without discrimination of 
any kind, on a basis of equality 
and in accordance with interna- 
tional law, and there <hall be fr^'e 
liccess to all areas *>f celestial 
bodies. 

There shall be freedom scien- 
tific investigation in outer space, 
including the moon and other ce- 
lestial bodies, and States sh:ill 
facilitate and encourage interna- 
tional ccHoperation in such investi- 
gation. 


article I 

International cooperation rather 
th,.n naiiom.1 rivalry is tlie policy 
adopted for exploring and using 
the outer space en\*ironment. In- 
stead of space acti\”ities bein<r 
regiirded as a motiopnly nf thn^e 
nations able to afford t&e expense 
of laum’hing satellites, all natmiH 
are to share in :he benefits of space 
explorati»>n without regard to their 
level of economic or scieiuific de- 
velopment. This principle reco r. 
nize? the fact that there are 
relatively inexpensive space pn‘»- 
ects and* that s lentists and emri- 
neei*s capable of contributing to 
the peacciid uses of outer space 
may be found in almost »,ny 
country. This new field of human 
activity is viewed accordins i«' a 
ha-ic tenet of democraev as ‘*rhe 
province of til mankind” and U 
not restricted to a few specialists. 
No State is to he di>rriminaitd 
against and all are to be treated 
equally. free access to 

any area of any celestial hiniy. 
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KXf&OBAIMC? 

Text 


ASnCLE u 

Outer space, indudm|: the Moon 
•nd orho’ celestial bodies, b not 
subject to national appropriation 
bv eiiim of sovKe^ty. by means 
use or occupauon, or by any 
othM* means. 


USB OF OBTCB SFACB 

AjMUIB «F TkBiXT 

International law b to be appK- 
eable to atnatinns inrolr^ free- 
dom and eqiiafitr in participating 
in space ex^ocation. 

Scientific in vestigation b to be 
free, whether carnM os in outer 
^ace, on iba moon, or m cennar 
ttoB wnli Btb e r nrtMfbi botfies, 
and all States are to encourage 
and promte such space ectivitbn 
Tins pobey b simuer to that in the 
Anterrtie Treaty whidi provides 
for freedom of sciaitific investiga- 
tion and international eoopmation. 

The predominance of interna- 
tional over strieclj national con- 
cepts is made easwr by the inac- 
cessibilitT of outer space and 
celestial bodies as wdl as the spe^ 
of spacecraft in attaining oroits 
vrhi» disregard natitmal boundary 
lines. 

aancLE u 

The wordii^ of tins article b 
alnH«t identical with that in 
United Nations Resolution 1962 
(JiVlJl) ’-ecember 13, 1963, the 
only difference bei^ that the 
treaty specifically includes rliA 
Moon as one of the celestial 
bodies- The principle expressed 
in this provision b one which has 
been ol^erred in practice since the 
beginning of the space age. Ex- 
tensive e-\ploration and use <-f 
outer space hare been going on for 
almost 10 years and duiing that 
time neither the United States, the 
Soviet Union nor any other nation 
has made sovereign daims to 
celestial bodies or to the outer 
space en'.'mnment. Tbb situa- 
tion is different from that which 
prevails in Antarctica where terri- 
torial sovereign claims had devel- 
oped historically and had to be 
suspended or “frozen” so that the 
system of international coopera- 
tion provided in the Antarctic 
Treaty could become workable. 
Article II of the outer space 
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* Tbxt 


AJtRcu m 

States Parties to the Treatj 
shall cany oo actinties in the 
SBC^oratton and *jse ot outer space, 
ini^int the Moon and other 
celsetial bodies, in accordanee 
with int«nayonal law, mduding 
the Charter of the UnitM Nations, 
in tjo interest of maintain^ 
intenialaonal pe^e and security 
and jvMttoth^ intemati<nal co- 
operation and undmtan^ng. 


Avaaras or TkEAir 

tTM^ gires legal substance C‘> a(| 
ejostmg pncthe. 

AwmcvK tn 

This article makes dear that 
those nations whidi ratify the 
treaty will observe international 
law — and ths indudes the Charter 
oi the United Nations — in order 
to pomote intmnational coopera- 
tion and p^ce. Thus tiiat oody 
o( law, i^eh has dev^^ped on 
ths Earth in ordo' to ' ^ about 
harmonious relation' oet-xMn na- 
tions and settle disputes without 
restwt to violence, would become 
applicable to outer space, the 
Moon, and otho* celestial bodies. 
An escqitioa would be interna- 
tional law adiich provides certain 
sonditions for national claims of 
sovweignty, this exception haring 
been set foi^ in Arude II. 


ABTicus rr 


aBTICt.E IT 


States Parties to the Treaty 
undertake not to place in orbit 
around ^e Earth any objects 
carrying nudear weapons or any 
othw &ds of weapons of mass 
desbmetion, install such weapons 
on edestid bodies, or station sudi 
weapons in outer space in any 
other mannw . 

The Moon and otho* celestial 
bodies shall be used by all States 
Parties to the Treaty exclusively 
for peaceful purposes. The estab- 
Usbment of oulitary bases, instal- 
lations and foitificdions. the test- 
ing of any type of weapons and 
the conduct of militarr maneuvers 
on celestial bodies snail be for- 
bidden. The use of military per- 
soimel for scientific research'or for 
any other peaceful purposes shall 
not be prohibited. The use of any 
equipment or facility necessary 
for peaceful exploration of the 
Moon and other celestial bodies 
shall also not be proh'bited. 


Paragraph 1 d this Article is 
based upon United Nations Reso- 
lution 1SS4 (XVni) which passed 
the General Assembly by acclama- 
tion on Octobo’ 17* 1963.* The 
resdution welcomes expressions hv 
the United States and U.S.5.R. 
“not to station in outer space any 
objects canying nuclear u'eapons 
or other kinds of weapons of mass 
destruction” and calls upon ^ 
states “(a) to refrain from placing 
in orbit around the earth any 
objects carrying nuclear weapons 
or any other kinds of weapons of 
mass destruction, installing such 
weapons on celestial bodies, or 
stationing such weapons in outer 
space in any other manner:. iand) 
to refram from causing, encourag- 
ing or in any way participating 
in the conduct of the foregoing 
activities.” 

Paragraph 2 represents the final 
agreement on lang^iage designed 
to ensure that the 5loon and other 


• 0 J. ot Voftost, P.OfwU L. Oilpfttne. stAtc4 on Stpt. 5. 19^ tN^ut one ynr nr’ler. 

that ite VTiutM icim woe'll not piaot orif oi mMS dtirmciion into orotc. 
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edostial bodies shall be used only 
for peaceful puif«ees. lo the 
draft texts subimtted by die 
United States and the Soriet 
Union on June 16, 1966, as a basb 
for discussion, Aitide 9 of the 
United States draft stated that 
**Cdesdal bodies shall be used for 
pmedvl purposes only. All States 
undertake to icfram from con- 
^hrtin^ on febrttia] bodies any 
actmtKS such as tbe establish- 
ment of mditarT fortifications, the 
Oatiying oot of mi&taiT ntaneu- 
▼ers, or the testing of any type 
of treapoDS. The use owitary 
persons, facilities or equipment 
tor scientific research or for any 
other peaceful purpose shall not 
be prohibited.” 

The Societ Union’s draft con- 
tained in Article IV a statement 
that “The Moon and other celes- 
tial bodies shall be used exclu- 
avely for peaceful purposes by all 
Parties to the Treaty. The estab- 
lishment of military bases and 
installations, the testing of weap- 
ons and the conduct of military 
maMuvers on celestial bodi^ 
shall be fwbidden.” 

Majority military opinion holds 
that orbital bombardment is not 
an effectiTe strat^c weapon as 
compared to lasdoased ballistic 
missiles. An effort to use space- 
based nuclear weapons would have 
the effect of a strategic waroiog, 
thus placing an aggressor in the 
position of being open to retalia- 
tion bv strategic weapons. It is 
generally believed to be in tbe 
interest of long-range peace plans 
and arms control to try to ensure 
that the Moon and other celestial 
bodies «t 11 be non-nucleai, non- 
military zones. 

One question is boa- tc be sure 
that nations are complying with 
the treaty if there is no provision 
for inspection. Any inspection 
provision a-ould have to be made 
on a reciprocal basis. No nation 
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ARTICLE V 

States Parties to the Treaty 
shall reeard astrooauts as earoys 
of maokind in outer space and 
shall render to them all possible 
assistance in the event of accident, 
distress^ or emerpncy landing oa 
the territory of another Stale 
Party or on the high seas. When 
astronauts make such a landing, 
they shall be safely and proniptly 
returned to the Sute ot registry 
of their space vehicle. 

In carrying on activities in 
outer space and on celestial bodies, 
the astronauts of one State Party 
shall render all possible assistance 


Anaus» or TkEATr 

could expect to the space- 

craft of anotl^r without haring 
its own Tehidos inflected in turn. 
For exam|Je» space recmnaissance 
cap^nUties are Mace-keeping as- 
sets at¥l it b unlordy that nations 
wouki wnsh <m-dte*inspectioa of 
drfease methods. It b pos* 
able, hoererer, to use enstu^ 
tracking facilities to make intelli- 
gmce esUmates from orbitmg 
^acecraft, and some types of elec- 
tHHiiC monitoring are aMady pos- 
siUe and may* be expect^ to 
tmprrve with advances in science 
and techndc^. The capability 
d the UnitM States to detect 
the nature and purpose of space- 
craft inimical to the nationd in- 
terest b a form of defense which 
acts as a deterrent to a potential 
enemy. The treaty does not 
change the earthly ^tuation with 
reg^ to but seeks to 

acWve on celestial bodies a romi 
of demilitarization which b deemed 
feasible from military and pditical 
viewpoints. At the’ same time, it 
b clear that aerospaced-trained 
military personnel may engage, as 
they have been doing, in peaceful 
space activities. 

ARTICLE V 

This profusion e.xtends to astro- 
nauts the same type of traditional 
assistance accorfod thro\ighont 
history to mariners at sea. It 
astronauts experience accident'i. 
distress or have to make an emer- 
gency landing, they are assured < f 
being treated as “envoys of man- 
kind" and not as unwanted in- 
traders. This article of the treaty 
also provides an additional ba-is 
for international cooperation in 
that all states parties to the rreaty 
agree to give astronauts all pos- 
sible assistance, and to report to 
other such stales any dancer? t^» 
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to the Mtrooettts of other Stetes life end beelth dis«>v’md in outer 
Pertiee. ^ce. on the Moon or other 

Stetee Pertiee to the Treetj criestiel bodies. It is evident thet 
sheB inmodiet^ inf(»in the othtf the riobel trecking ^tem re* 
Stntes Pertiee to* the Tree^ or the qutred for f<^«nn^ tLc lli^t 
Secretei 7 *Q«ntre] of the United petbs of estroneuts is e scienufic 
Netioos of ear phenonene thej end techn<4ogicel fector vhicb 
discover in outer speee^ indudiae makes intemetionel roopMUtion 
the Moon eed other eelwtiil nccessen while the humene sub- 
bodies, whidi could constitute e ieet mekes it more eesi^ ettein- 
denger to the life or health of eble. The treaty esubGshes en 
estnmeuts. attitude of intemetionel responsi- 

bility for estroneuts. 

Intemetionel esreement on 
essistence to end return of estro- 
oeuts (es wdl es objects leunched 
into outer spece which b included 
in this treety in Article \TII) bes 
been e subject for discussion in the 
T.^f:«l Sub^mmittee of the United 
Nations Committee on the Peace- 
ful Uses of Otiter Spece, the United 
Stetes beving mode its letest 
proposel in lvb4. It is planne«l 
thet en intemetionel agreement 
on assisunce to astronauts, in 
addition to this treatv. will con- 
tinue to be a subject for nesotia- 
tion in greeter detail by the l^egai 
Sabcommittee of the 'UN Com- 
mittee on the Peaceful Uses of 
Outer Space. (See page 66 of 
this diKument for the draft t, y» of 
the pending U.S. proposal on tiu.> 
subject.) 


.%RT1CIX VI AKTICLE VI 

States Parties to the Treaty Under this article, a nation 
shall bear international responsi- which becomes a party to the 
bUity for national activities in treaty agrees to be responsible for 
outer space, incltidin? the Moon space activities carrietf on by one 
and other celestial bodies, whether of its goveromeat agencies as well 
such activities are carried on by as by any non^ovemmenta! en- 
givemtnental agencies or by non- tiiy.* For the united States, this 
govemmentai entities, and for as- means that the goveromeot would 
suri^ that national activities are accept responsibility for the ac- 
carriw out in confonnitv with the tivities of NASA as weU as those of 
provisions set forth in the present the Communications Satellite Cor- 
Treaiy. The activities of non- poration (COMSAT), etc. Furtber- 
govemcter.tfJ entities in outer m-jre, the government would see 
space, including the Moon and that such activities conform to the 
other celestial bodies, shall require treaty’s provisions, and also au- 

7 67 ■ 8 
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authoriiAtioD uid cooUnuin^ su- 
Mrvisioa br th« Appropriat* ^ut« 
Pa^ to uiA TrAAtjr. When ac* 
tiTiUes ATA CArried on in outer 
ApAce, induding the Moon end 
other celcAtiAl b^es, by en inter* 
nAtionel orgAnixAtion, mponsi* 
bUi^ tor compliAncA Anth this 
Ttaa^ shAll be Dome both by the 
inteniAttonAl orgAnizAtion and by 
the StAtee PArues to the Treaty 
perticipAting in such organization. 


amcLB m 

Each State Party to the Treaty 
that launches or procures the 
launching of an object into outer 
space, including the Moon and 
other celestial ocdies, and each 
State Party from whose territory 
or facility an object is launched, is 
intemationaUv liable for damage 
to another State Party to the 
Treaty or to its natural or juridical 


thorize and «>ntinuously supo^ 
rise the ^aee actieitiee of non* 
gpe^nmental entities. The rela* 
tiooship between the U.S. Got- 
emment and COMSAT is already 
d^ned in the U.S. Communica- 
tions Satellite Act of 19$2 (Public 
Law 87-624 (76 Stat. 419)) and 
in the President’s Executive Order 
of JanuATT 4. l%5 on cairving out 
provisions of the COMSAT Act of 
1962 concerning government su- 
pervision, including international 
aspects and the role of the Secre- 
tarv of State. 

The treatv also provides that an 
international organization as well 
as the states participating therein 
are responsible for compliance xvith 
the treaty. For example, the 
European Space Research Organ- 
ization (ESRO) would be re- 
sponsible for activities in outer 
space, including the Moon and 
other celestial bodies, and the 
states which are members of 
ESRO and also parties to the 
treaty would become responsible 
for compliance with the treaty's 
provisions. 

This article is designed to en- 
sure responsibility for space ac- 
tivities, inherently international 
in nature, at the governmental 
level. The provisions are similar 
to paragraph 5 of L^'nited Nations 
Resolution 1962 (X\TII), Decem- 
ber 13, 1963, except that celestial 
bodies are specifically added to 
“outer space". 

ARTICLE VII 

.\rticle VII is similar to para- 
graph S of United Nations Resolu- 
tion 1962 (XVIH) which passed 
the UN General .Ussembly unani- 
n\ou>ly on December !o. l96o. 
In negotiating the ideas in this 
pn»vi>ion for purposes »<( the 
treaty, some changes were niaiie 
The terms of the 'reaty appiy only 
to those states •. h:oh are party to 
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persoE ' bj such object' or'its corn* the treetv rather then to ell states 
pooeut parts on the Earth, in air in a general sense. The Moon and 
space or in ont«r space, induding other celestial l^odiat hare been 
iM Mooir'^nd other -oelestiiu added to the orieinal concept 
bo^es. which wm stated omv in terms of 

“outer space”. Liabilitjfordam* 
age is limited in the treaty to 
“another State Party to the 
IVeaty” and includes* situations 
in whidi a State launches or uses 
its temtoxT to launch space 
Tehkles. 

The term “ interna tion'Jly liable 
for damage” means t! .^t a jmvem- 
ment ratifying the treaty accepts 
the fact th'at another cotmtry may 
present a claim against it; that 
liability is accepted abroad as well 
as domestically. If liability is 
estaUished, a^erence to * the 
treaty means the state accepts 
responsibOitT to make restitution 
to an injured party abroad. It is 
dear that the concept of liability 
for damage in the treaty includes 
damage br a space object or any 
part of the object whether the 
damage occurs in air space or outer 
space, on the Moon or any other 
celestial body. Thus the aero- 
space concept is extended legally, 
as it has been technologically' in'a 
trajectory from the Earth through 
airspace to outer space and back to 
airspace and the Earth again. 
The air laws and treaties of the 
world may be applicaUe to certain 
situations; a new rdationsbip 
m^ht derdop between air law and 
the law of outer space. 

Although there is every likeli- 
hood that objects reentering the 
Earth’s atmosphere from outer 
space may burn up. a sufficient 
* number of objects bas fallen to 
Earth to indicate the real possi- 
bility of damage, .and therefore of 
a liability problem. It is not 
ahvars pos>ible to identify t>bjecis 
which have fallen to Earth from 
outer space, and no solution hu.> 
been advanced in the treaty f.'r 
objects which cannot be identified. 
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Th« UN ConunittM ob the 
Pceeeful Uses of Outer Spece 
recogoized, however, thet the tm> 
tT provieioD i$ e general one end 
tnet the problem of liebilitr for 
demege would require more de- 
toiled study end egmment. The 
subject, therefore, is still on the 
eMnJe of the Legel Subcommittee 
of the Committee on the Pesceful 
Uses of Outer Spece, end it is 
eoticipeted thet e seperete inter- 
netionel eereement on liebility for 
deme^ u-ul require negotietion es 
it ep^es to outer spece. As fer 
es toe United States is ctmcerned. 
such en agreement would be sub- 
mitted to the Congress for ap- 

! >rovel; it would probably take the 
orm of e treetv which would be 
submitted to the Senate for its 
advice and consent to ratification. 


AKTtCLC TUt 

A State Party to the Treaty on 
whose registry an object launched 
into outer space is carried shall 
retain jurisdiction and control over 
such ooject. and over any person- 
nel thereof, while in outer space 
or on a celestial body. Ownership 
of objects launched into outer 
space, including objects landed or 
constructed on a celestial body, 
and of their component parts, u 
not affected by their presence in 
outer space or on a celestial body 
or by their return to the Earth. 
Such objects or component parts 
found beyond the limits ot the 
State Party to the Treaty on whose 
registiy they are carrieil shaU be 
returned to that State Party, 
which shall, upon request, furnish 
identifying data prior to their 
return.’ 


anncLS vm 

This article is similar to para- 
graph 7 in United Nations Resolu- 
tion 1962 ^X^TII) which passed 
the General Assembly unani- 
mously on December 13. 1963. 
In negotiating the wording for the 
treaty, some refinements in lan- 
^age and coverage were made. 
The treaty applies only to those 
states which are parties to the 
treaty. The principle of nation.sl 
ownership of spacecraft and per- 
sonnel thereon while in outer space 
b the same in the treaty as in the 
UN Resolution, but the treaty 
provbion adds “on a celesfi.il 
body." Ownership is extended by 
the treaty to include “objects 
landed cr constructed on a celes- 
tial body" and is not affected 
while on a celestial hodv, in outer 
space, or by return to Earth. In 
other words, a nation which con- 
structs and orbits a spacecraft, 
manned or unmanned, retam.s 
ownership and control over :he 
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T^kid* iu> matter wh»« it is 
located. 

A state’s ”reg»t^” of space- 
ciaft is a twm similar to the 
“remtiy" of ocean-going ships, 
sura records being kept for toe 
ptupose of identifying ownership. 
The principle of returnine to the 
state d origin any space objects or 
parts found beyond its orders, 
and the principle that the state of 
origin must furnish identifying 
dau prior to the return of such 
objects, were both included in UN 
Resolution 1962. Under the UN 
Resolution the principles appUed 
to all states; under the treaty, the 
principles ^ av>]dy only to 'Uiose 
states which aw pa^es to the 
trea^. 

The treaty prorision as it stands, 
however, is'not self-executitiir and 
would need to be implem,?nted by 
enabling domestic U.S. l^slation 
so that the Federal G*>vernment 
could obtain possession of space 
objects which fall on private 
property. 


ABticLc rx 

In the exploration and use ol 
outer space, including the Moon 
and other celesuai b^ies, States 
Parties to the Treaty shall be 
guided by the prino'ole of co- 
operation and mutual assistance 
and shall conduct all their activi- 
ties in outer space, including the 
Moon and other celestial braies, 
with due regard to the correspond- 
ing interests of all other States 
Parties to the Treaty. States 
Parties to the Treaty shall pursue 
studies of outer space, includine 
the Moon and other celestiu 
bodies, and conduct exploration of 
them so as to avoid their harmful 
contaminatioo and also adverse 
changes in the environment of the 


.ARTICLE at 

Article IX of the treaty is sim- 
ilar to parigraph 6 of United 
Nations Resuutioa 1962 which 
passed the General Assembly 
unanimously on December 13*. 
1963. The’ provision applies only 
to states which are parties to the 
treaty, and to that extent limits 
the possibility of space experi- 
ments which might cause harmful 
contamination and adverse 
changes in the Earth’s environ- 
ment. The treaty would not pro- 
hibit non-member nations from 
conducting harmful experiments, 
causing contamination m various 
forms, and engaging in potentially 
harmful interference with peace- 
ful space exploration. But nations 
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Earth raralting from tho introduc* 
tkm of «xtnt«r«stxial matter and, 
whera aacassaty, shall adopt ap> 
propriata measures for this pur* 
ppea. If a State Par^ to the 
T^ty has reason to beueTe that 
an actiTity or experiment planned 
it or its nationals in out«' 
space, including the Moon and 
other celcatial h^es, would cause 
potential^ harmful interference 
with acUvities of other States 
Parties in the peaceful exploration 
and use of outer space, mcluding 
the Moon and other celestiu 
bodies, it shall undertake appro- 
priate intonational consultations 
before proceeding with any such 
acdeity or experunent. A State 
Party to the Treaty which has 
reason to beliere that an acdvity 
or experiment planned by another 
State Par^ in outer spsM, includ- 
ing the ^foon and other celestial 
b<^es, would cause potentially 
hacmfid interference with activi- 
ties in the peaceful exploration 
and use of outer space, mcluding 
Uie Moon and other celestiiu 
bodies, may request consultation 
concerning the activity or experi- 
ment. 


anncLB x 
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which do not become parties to 
the treaty are not now prohibited 
from pote.Dttally hsimiul spece 
experiments. A nucleus of ststes, 
induding the two greet ^acs 
powers^ths United States and 
^ U.S.S.R. — observing contrds 
in the interest of all nations, msy 
ultimately sttrsct the cooperation 
oi other nations not initially 
parties to the treaty. 

According to Article IX, a State 
Party to the Treaty, committed 
to a pdky of peaceful exploration 
and use ci the ^ace environ- 
ment, has the responsibility of 
coDstdering whether a plaimed 
experiment might be harmful, 
and in such case must undertake 
to consult with other nations 
before proceeding with the ex- 
periment. At the same time a 
state, which fears another nation 
is planning a space experiment 
which might be narmful or inter- 
fere with peaceful ^ace e^lora- 
tioD, may request a consultation 
on the matter. Thus a possible 
course of action which might be 
detrimental is identified and put 
'inder general control, includmg 
that of worid public opinion. The 
objective and proce<’ e provided 
by the treaty for preventing harm- 
ful spMe activities are clear guid- 
ing principles which appear to be 
in the interest of each nation to 
observe not only for the benefit of 
tbs world, but also for self-protec- 
tion. 

ARTICLS X 


In order to promote interna- 
tional co-operation in the explora- 
tion and use of outer space, in- 
cluding the Moon and other celes- 
tial Ix^ies, in coofonnity with the 
purposes of this Treaty, the States 
rarties to the Treaty shall con- 
sider on a basis of equality any 
requests by other States Parties to 
the Treaty to be afforded an op- 


In accepting this ardcle, s 
nation would agree to consider the 
request of another nation (if a 
party to the treaty) to build 
tracking facilities on its territoiy 
for observing the flight of space 
objects which the requester nation 
bad launched. Such considera- 
tion would be on a "basis of 
equality" which suggests that one 
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portunity^ to obserro the flight of 
tpoco objects Isunched by those 
Su^ 

The Dsture of such sn oopw- 
tonity f<ur obserrsUon sod the 
cooditioDs under which it could 
be afforded shall be determined 
by agreement between the States 
concMned 
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nati<m would not be farored over 
another. Although a nation 
uyees to connder the request, 
there is no obligation to grant it if 
appropriate mutud arrangements 
cannot be worked out. The 
nation on whose territory a track- 
ing station is located, at has land 
wmch another cation might request 
for use as a tracking station, would 
be free to establish the conditions 
under which the representatiTes of 
other nations could use its 
resources. It would be necessary 
to negotiate a bilateral agreement 
between the two states concerned 
or a multilateral agmment in the 
event several nations were in- 
volved. Should the terms involv- 
ing such items as cost, accestibility, 
and the postibility of mutual 
benefits, prove unacceptable to 
the host nation, there is no obliga- 
tion to grant access to a foreign 
state. 

AKTICUB XI 


In order to promote interna- 
tional co-operation in the peaceful 
exploration and use of outer space, 
States Parties to the Treaty con- 
ducting activities in outer space, 
including the Moon and other 
celestial bodies, agree to inform 
the Secretary-General of the 
United Nations as well as the 
public and the intema'ional 
scientific community, to the sn%at- 
est extent feasible axid practicable, 
of the nature, conduct, locations 
and results of such activities. On 
receiving the said information, the 
Secretary-General of the United 
Nations should be prepared to dis- 
seminate it immemately and ef- 
fectively. 


There has been wide dissemina- 
tion of information by the United 
States on its space activities for 
the past 9 years. The treaty 
provision is an acknowledgment 
of an existing situation for many 
nations and international oigaui- 
zations. The United States inter- 
national space program, conducted 
by the National Aeronautics and 
Space Administration, includes co- 
operative projects in 69 nations 
and locations, and the residts of 
such ^ace research are publicized. 
The United Nations Committee 
on the Peaceful Uses of Outer 
Space publishes reports which 
nations have voluntarily sub- 
mitted on their space effort,-. 
There is also a UN registry for 
space vehicles, and llata on 
launched spacecraft is regularly 
published in United Nations docu- 
ments. The Outer Space .\ffairs 
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group m th« United Notions 
roceires information and answers 
questions. 

In addition, the Committee on 
Space Research (COSPAR) of the 
International Council of Sdentldc 
Unions (ICSU) has international 
conferences and r^ularl^T pub- 
lishes a bulletin of scientific and 
technical information on space 
research and derelopment. ra- 
dons have volunt^y released 
information to promote interna- 
tional cooperation in the peaceful 
exploration and use of outer space 
and the treaty contemplate that 
they will continue to do so. The 
wording that information will be 
furnished “to the greatest extent 
feasible and practicable” means 
that if a nation which is a party 
to the treaty finds that it is nut 
feasible and is not practicable, 
then it is not obliged to publicize 
information on its space activities. 
Thus the treaty pro\Tsion is a 
general guiding principle rather 
than one requiring mandatory 
compliance. 

aSTICLE XII .\RTICLE XII 

All stations, installations, equip- This provision does not apply to 
meat and space vehicles on the stations, installations, equipment. 
Moon and other celestial bodies and space vehicles in outer space 
shall be open to representatives of itself, but onlv to those located on 
other States Parties to the Treatv the Moon and other celestial bod- 
on a basis of reciprocity. Such ies. If two nations had space fa- 
representativcs shall a:ive reason- cilities based on the Moon, for 
able advance notice of a projected example, each would agree, under 
visit, in order that appropriate this treaty, to accept vuitors from 
consultations may be held and that another nation's space station on a 
maximum precautions may be reciprocal basis with the under- 
taken to assure safety and to avoid standing that each prospective 
interference irith normal opera- representative would give reason- 
tions in the facility to be visited, able advance notice of nis intended 

visit. This would c.**’ord time for 
the two nations to consult, as ap- 
propriate, with the objective of 
ensuring the safety of personnel 
and the normal functioning of 
space facilities. 
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ARTICLE Xm 

Th« prorisions of this Tkait 
» haU apply to the activitiee of 
States Parties to the Treaty in the 
exploration and use of outer space, 
HMiaditi; the Moon and other 
celestiat hodies, n-hether such ac> 
tiviiies are carried on bv a single 
State Pany to the Ti-aty or 
jointly 'a'Tth other States uiduding 
cases wh«e they are carried on 
uithin the framework of inter- 
national inter-govemmentai or- 
ganizations. 

Any practical Questions aris- 
ing in connection nth activities 
earned on bv interaational inter- 
governmental organizations in the 
e.xploration and use of outer space, 
includmg the Moon and other 
celestiarbodies. shall be resolved 
by the States Panies to the Treaty 
eft her with the appropriate inter- 
national organization or with one 
or more States members of that 
inl*mational organization, which 
are Panies to this Treaty. 


article XIV 

1. This Treaty shall be open to 
all States for signature. Aiiv St,<ite 
which does not this Treaty 
before its entry into force in ac- 
cordance with paragraph 3 of this 
article may accede to it at any 
time. 

2. This Treaty shall be subject 
to ratification by signatory States. 
Insti'umeots of rwtiheation an^ >n- 
struments of accession shall be 
deposited with the Governments 
of the United States of America, 
the United Kingdom of Great 
Britain and Northern Ireland and 
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Analtsis or Treatt 

ARTICLE Xin 

States which are parties to this 
treaty accept the treaty’s rig.hts 
and obligations whether' acting as 
a single state or jointly with other 
states or as members of an inter- 
national imer-govemmental orga- 
nization. For example, if nations 
which are members of the Euro- 
pean .Space Research Oi^aiiireMoa 
vESKO' also become pan:^ lo ih) 
treaty, they agree to comply wit.t 
the treaty prorisions on'ou* r 
space, tiie Moon, and other celes- 
tial bvxlies. 

If ESRO’s space activities, for 
e.xarople. give rise to practical 
questions, those nations which are 
parties to the treaty may resolve 
them in one ol *wo ways; with 
the international organization con- 
cerned. or with one or m-'re of 
the states which are members of 
the international organization and 
also parries to t’ne treaty. If the 
United States, for example, had a 
practical quesuon arising from 
ESRO's space activities, the mat- 
ter could be settled between t’re 
United Slates and ESRO or be- 
tween the United States and any 
members of ESKO which are also 
parries to this outer space treaty. 

ARTICLE xrv 

Paragraph t nrorides that ail 
states may sign the treaty, and on 
January 27. l9o7 the treaty was 
opeiu .1 for signature in Washing- 
ton. London, and Mtwcow. iSee 
pages 37-11 for a lis’ of 77 states 
wluch signed the treaty as ot 
Febni*ry'2S. 1967.) 

Paragraph 2 designates the 
United Mates, the United King- 
dom of Great Britain and North- 
ern Ireland, and the U.S.S.R. as 
Depositary Governments, and 
they are to receive the iastni- 
mehts of ratification and accessio'. 
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xnuHuiKnc axi» tob <np mmui spacs 


Tkcr 

A* Unioii of Soviot boddbi Ro> 
pnbGci, «iud» aro berd>j desj^ 
aatod tho Dcpoatiuy UoTcm* 

3. Hiii T^oo^ shall cntar into 
font upon tho o^toait of instru- 
monts « ratificatkm by fira Gor- 
onunanta indoding the OoTem> 
meats designated as Depositaiy 
Goretanents under this Trea^. 

4. For States whose instrumeats 
of ratificatioa or accesdon are 
deposited subseouent to the entir 
into force of dm Treaty, itshau 
enter into force on the date of the 
dej^t of their instnunents of 
ratification or accession. 

5. The Depositary Govem* 
ments shaD promptly inform aD 
j^natoty and accMing States of 
the date of eadh s^nauute, the 
date of deposit of eedi instru> 
ment of ratificadon of and acces* 
sion to this Treaty, the date of its 
entry into force aiid other nodces. 

6. ' Thb Treaty shall be regis- 
tered by Ao Depositary Govem- 
m«iu pursuant to^Axucle 103 of 
Ae Charter of Ae United NaAtns. 


Axazoaa oar Taxrx 

required from the signatory states. 

P&ragraph 3 stipulates that the 
treaty enters into force when rati- 
fied OT 5 governments, iruJuding 
the United States, the Unitca 
Eangdom of Great Britain and 
Northern Ireland, and the 
D.S.S.B. 

Paragra]^ 4 pro\ides that sutes 
wiu.-h ratify or accede to Ae 
trestr aftnr it has gone into force 
will be considered as panics to 
Ae trea^ ae of the date when 
th^ deposit Aeir necessary docu- 
ments of radfication or accession. 

Paragraph 5 provides Aat As 
United States, the United Eane- 
dom of Great Britain and NmtE- 
eni Lrdand, and Ae U.S.S.R. 
shall inform all states which sign 
and accede to Ae trea^ of tne 
dates of deposit and entry into 
f<wce of each state. 

Paragraph 6 caSs for rrastra- 
tioo of the treaty by Ae United 
States, Ae United Eangdom cf 
Great Britain and Nortnem Ire- 
land, and Ae UJS.S.R. in accord- 
ance with AniJ'* 102 of Ae United 
Nations Cbsnet ; 

Article 102, United Nations 
Charter: 

“1. Every treaty and every 
intemauonal agreement en- 
tered into bv any Member of 
Ae United Nadoos after Ae 

{ iresent Charter comes into 
<wce shaQ as soon as possible 
be regbcered wiA the Secre- 
tariat and published by it. 

**2. No per^ to any such. 
treaQr international anee- 
ment wluch has not been 
registered in accordance with 
Ae provisions of paragraph 1 
of tnis Article may invoke 
that tteaty or aneement be- 
fore any organ of the United 
Nations.” 
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KXPUHU'iOK AMD 17SS OT OOTES STANCE 


Text 

AMSCU XT 

Iny 3ur Partj to the Tttaij 
rntj propoee enieDdosents to tius 
TV^7. Amendmente shell enter 
into force for Mcb State Peitj to 
Uae Tkeetj accepting die amend- 
ments open thMr acoeptance by a 
majority of the States Parties to 
the Tieaf^>y and thereafter fw each 
remaining State Party to the 
Treaty on the date of acceptance 
by it. 

AMiCLX xt: 

Any State Partr to Treaty 
may give notice ol its a .'thdraa'^ 
from the Treatv one ye;:r after 
its ratty into lorce by a-riticn 
notfficatioo to the Depositary Gor- 
munents. Sudt eritodraaral shall 
take effect one year from die date 
of receipt of this notification. 


ABTicx,K xrn 

This Trea^, of ^lich the 
lish. Russian, Fteach, Spaoira 
and Chinese texts are ^uaUy au- 
thentic, shall be deposited in the 
archives of the Depositaty Gov- 
ernments. Duly certified' copies 
of this Treaty shall be transmitted 
by the Depositary Governments 
to the Goverr meats o' the signa- 
tory and acceding States. 


Axaltss or TaEATT 

AXnCLX XV 

Amendments may be proposed 
by any state winch b a party to 
the treaty. States that are parties 
to tbo treaty may then accept the 
amendments, ana when a majority 
have accept^ them, the amend- 
ments enter into force for those 
states. Thereafter, the amend- 
ments «o into effect for each of the 
remaining states on the date when 
accepted. 

ARTICLE TTI 

I* 8 state wishes to withdraw 
from the treaty, it may notify in 
'..riting the Depositary GovWn- 
roents. t.e., the U^nited states, the 
United Kingdom of Great Britain 
and ^North^ Ireland, aiul the 
U.S.S.R. One year aft^ these 
governments rereive the notice, 
the withdran*al of a state becomes 
effective. 

article xvn 

The treare, in five languages 
(English, Russian, French, Span- 
ish, and Chinese) b deposited in 
the archives of the United States, 
the United Kingdom of Great 
Britain and Xorthem Ireland, 
and the U-S.S.R. These Deposi- 
tary Governments are then to 
send certified copies to every state 
which signs or accedes to the 
treaty. 


In witness whereof the undersigned, didy euthorized, have signed 
thb Treaty. 

Done in triplicate, at the cities of Washington, London and Moscow, 
thb twenty-seventh day of January one thousand nine hundred 
and sixty-seven. 

For the United States of America: 

De.in Rcsk 
Arthur J. Goldberg 

For the United Kingdom of Great Britain and Xorthern Ireland: 
Patrick De.vn ' 
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ORUINAl. F.UJK IS 
OK Puou qu.vuty; 



BXrtORATION ASa> VSB OF OOTSB 8TACB 


For Um Union ot Soviet Sodolist RepuUki: 
A. F. Dosnuax 

ForChao: 

lEUooiinto Tomm: 

For M«^: 

Hvoo B. MemoXtH 

For Qunn: 

Cbow Sb^kai 

For Italy: 

Snoio Fenoaltba 

For Honduns: 

Ricardo Midcncs Soto 

For Ethiopin: 

Tasboua Hailc-Mariax 

Ter Ghuta: 

AbraRam Bskjarix Bab Eort 

For Cyiffus: 

Zeror Ro$5IDCS 

For C*nftdo: 

A. Edoar RncBis 

Fw BuIgRtia: 

Db. Lobe:* Gcerassimot 

For Austrtdia: 

JoBR Keith Waller 

For Denmark: 

Flbbbino Agercp 

For Hungaij: 

JiHOS KAOVANTt 

For Iceland: 

Petcr Thorsteivssox 

For Crechoslovakia: 

Dr. Karel Dcda 

For Japan: 

Rtoji Takecchi 

For Romania: 

Petre Balaceaxc 
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• exploration axd use or odteb space 

For Pohnd: 

Zouslaw Ssbwcste 


For TuDt^ 

Rachio Dkiss 

For Neir ZeoluKt: 

Jack Skkpbbso 

For Colombia; 

Hbbkax EchavabbIa 0:4>baga 

For Unlaad: 

OtATi Mvnkki 

For Panama: 

Ricaboo \L Abias £. 

For Laos: 

KHAMXnrG SoUTANTLAST 
For Oreeoe: 

Alexampeb a. Matsas 

For the FtDipj^es: 

Josi F. IMPEBIAl. 

For Turkey: 

AIeuh Esbxbel 

For YogodaTia: 

Veljko Micunovic 

For Afghanistan: 

Dr. Abdul Majid 


For Argentina: 

Altabo C. Alsogarat 


For the United Arab Republic: 
Mostata Kamel 


For Haiti: 

Arthur BoxaointE 


For Luxembourg: 

Maurice ^einmetz 

For Viet-Nam: 

Bui Diem 


For Venezuela: 

Enrique Tejera>Paris 


241 



EXPU}RATIOy AVD XJ 9 M <£» OITTSB SPAOE 


Fw th« Federal R^uUi.* of Gennanj; 
Hbucmcb SxAmrset 

For Itfad; 

XvtLXKku Hamian 

For El Salvador; 

Raxox db Cuuamont DtrsSAS 

F^Tbailaod: 

Stixics Nimmanbeminda 

For Seeden: 

Hcbsbt oe Besche 

For Ecuador: 

QuaTATo Larrea 

For T<^: 

Robert Ajatox 

For the Dominican Rraublic: 

Hector Gaecia-Godot 

For Switzerland: 

Feux Schntder 

For Burundi: 

Clebent Sabbira 

For Ireland: 

William P. Fay 

For Cameroon: 

Joseph X. Chro.vo 

For Indonesia; 

Sl'bito Kcscbowidaodo 

For Boliria; 

Jctio Sanjines-Goytia 
For Botswana: 

Zacbariah Keodirelang Mattbeb's 

For Lesotho: 

Alberto S. Morale 

For Korea. 

Htyn Chcl Knr 

For the Congo (Kinshasa; : 

CvRlLLE AdOULA 
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KXFLOBATIOK AKO THSE OF OCTKR SFACE 


For Uragumj; 

Robin A. Albianoro Cbbllx 


For the Ceatiml African Repobitc: 
Micbbi. Galun-Douatbs 


For Rwanda: 

CKLKSTIN Ka BANDA 


For Nicaiagaa: 

GunxxRBO Sbtizxa-Sacasa 


Between Januatr 27, 1967, and Febniary 28, 1967, the ioUowi:^ 
countriM agned the IVeatj ^ Outer Spsce: 


Cmaitrjt 

Kifer 

SomaUa 

Jordan 

Brazil 

Bel«ium 

Nepd 

Ntaway 

Guyana 

jSe^eriands 

Austria. 

Malaysia 

Lebanon 

Iraq 


DaU 

February 1, 1967. 
Februaiy 2, 1967. 
Febniary 2, 1967. 
Februaij 2, 1967. 
February 2, 1967. 
February 3, 1967. 
Tebruary 3, 1967. 
February 3, 1%7. 
February 10, 1967. 
Febniary 20, 1967. 
February 20. 1967. 
February 23, 1967. 
February 27, 1967. 


Tb- East German regime and Mongolia signed the treaty in Mos- 
cow, January 27, 1967. Sierra Leone signed In Moscow and London 
January 27, 1967. Iran signed in London, January 27, 1967. 
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